FOR 

MISSILES 

AND 

SPACE VEHICLES 
(See page 211) 


UNIVERITY MICROFILMS 


STEVENS RICE 
313 NORTH FIRST ST 
ANN ARBOR, MICH, 
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YOUR CHECK LIST 

FOR THE FINEST IN 
EXTRUSION INSTALLATIONS 
AND ACCESSORIES 


EGAN EXTRUDERS 
C] with “Willert Automatic 


Temperature Control” 
available in sizes from 2” 
through 12”, vented or 
non-vented 


SHEET EXTRUSION 


POLYETHYLENE LAYFLAT TUBING 


LAMINATING EXTRUSION 


|_| Dies—up to 60” wide 
|_| Three Roll Finishing Units CJ Laminating Dies—up to [J Thin Wall Tubing Dies— 
mi |_| Automatic Shears 120” wide up to 60” diameter 
; __} Automatic Stackers Single or Double Unrolls Cooling Rings 
FILM EXTRUSION Laminating Units Converging Take-Off Units 
Edge Trimmers & Trim —up to 240” wide 
T] Dies—up to 120” wide Disposal Units Surface or Center Shaft ) 
‘Hes Surface or Center Winders Winders 
|_| Cooling & Take-Off Units Cooling & Cir ulating 
ooling & Circuls 
|_| Edge rimme PIPE EXTRUSION 
Automatic Winders 


C] Dies—up to 8” diameter 
(straight or offset) 
Cooling Tanks 


Write, or Phone Randolph 2-0200, For Complete Information Pullers—roller or belt type 
Coilers—with level wind 


FRANK W. EGAN & COMPANY 


SOMERVILLE, NEW JERSEY 
CABLE ADDRESS: EGANCO— SOMERVILLE (NJER) 


REPRESENTATIVES: MEXICO, D.F.—M.H. GOTTFRIED, AVENIDA 16 DE SEPTIEMBRE; JAPAN—CHUGAI BOYEKI CO., TOKYO. 
LICENSEE: GREAT BRITAIN—BONE BROS., LTD., WEMBLEY, MIDDLESEX. 
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60706 
LIGHT 
YELLOW 


Tenite Polyethylene Standard Color 
Concentrates offer molders a quick, 
clean and sure means to color poly- 
ethylene for injection molding or 
continuous extrusion. The cost is 
usually less than a penny a pound 
when used in a 1-10 ratio with natu- 
ral material. Lighter or darker 
shades, of course, can be obtained 
by varying this ratio. Also, by com- 
bining concentrates of different col- 
ors in ratios determined by experi- 
mentation, other attractive colors 
may be produced. 

Because these concentrates con- 


POLYETHYLENE 


an Eastman plastic © 


sist of natural polyethylene resin in 
which coloring agents have been 
thoroughly predispersed, pigment 
agglomeration is virtually elimi- 
nated. The result: excellent, uniform 
dispersion of the color throughout 
the molded product. 

Standard color concentrates are 
stocked for immediate shipment in 
50-pound multiwall bags and in 10- 
pound polyethylene bags. Other 
concentrates are also available (at 
slightly higher cost) in an almost 
unlimited range of colors to satisfy 
any color request. 


60707 
BRIGHT 
YELLOW 


| 
al 
60704 60703 60702 60700 MES... 
BLUE GREEN TURQUOISE ED WHITE 
_ Advantages: Use of messy dry colorants is eliminated * Color uncertainty and contamination possibilities are minimized == 
Easier and faster color changes are possible Mixing time jareduced hoppers can be used 
To color polyethylene.............. 
a 
...add Tenite Color Concentrates 
prices and a t of molded 1-to- -10 samples of our eight standard 


WATSON.STHLLMAN PRESS DIVISION 


details 
the all-new 


first small preplasticizing-type injection machine 


Reduced press time through faster 
cycles, with better finished parts at 
lower injection pressures . . . these 
molding advantages are now available 
from the PE-15, industry's first, small 
preplasticizing machine. This latest 
addition to the Watson-Stillman 
“Completeline” has a capacity of 15 
ounces of styrene per shot and a plas- 
ticizing capacity of 80 pounds of 
styrene per hour. Hydraulically oper- 
ated, it has manual, automatic single- 
cycle and fully automatic controls. 

Everything you need to know about 
this new development you will find in 
the bulletin pictured above. Included, 
for example, are a description of the 
machine, illustrations of its salient 
features, specifications, and die-space 
dimensions. 

Send for a FREE copy of bulletin 
621A today. 


FARREL-BIRMINGHAM COMPANY, INC. 
565 Blossom Road, Rochester 10, New York 
Telephone: BUtler 8-4600 
Plants: Ansonia and Derby, Conn., Buffalo 
and Rochester, N. Y¥ 
Evropean Office: Piazza della Republica 32, 
Milano, Italy 
Represented in Canada by Barnett J. Danson, 
1912 Avenue Road, Toronto, Ontario. 
Monvfactured in Canada by Canadian Vickers 
Limited 
Represented in Japan by The Gosho Company, Ltd., 
Machinery Department, Tokyo, Osaka, and Nagoya. 
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Watson-Stillman’s new PE-15 . . . most productive 
15-ounce machine on the market! 


WATSON -STULMAN 


WwS-55 
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ALL WITHIN EASY REACH 
QUALITY, SERVICE, 

DEPENDABILITY, SAVIN S! 


BUTYRATE. 
extrusion and i 
y for 


DEDICATED TO QUALITY, SERVICE AND ECONOMY IN MOLDING 


ete 


: 


YOU SAVE MORE ON MOLD COSTS 
WITH OVER 6,000 D-M-E STANDARD 
MOLD BASES TO CHOOSE FROM 


Largest Selection Saves You 

Time and Money 

Whether it’s a one-cavity “test’’ mold 
or a 60-cavity high production run, 
chances are D-M-E has the right size 
Standard Mold Base to fit the job 
and the molding machine. 

D-M-E’s 32 standard sizes, up to 
23's" x 35'2", with 100° standard 
cavity plate combinations for each 


size, give you the largest selection of 


carbon or alloy steel standards avail- 
able from any single source. 

Save on Design Time, Moldmaking 
Time, Replacement Ports and Delivery 
Design time is reduced by using 
D-M-E’s full-scale Master Layouts 


and Catalog of specifications and 
prices. Moldmaking time is reduced 
because all D-M-E plates are preci- 
sion ground flat-and-square, ready 
for cavity layout and machining. Ex- 
clusive interchangeability gives you 
the added saving of immediate re- 
placement of any component part. 
And D-M-E’s seven branch offices 
and warehouses are always fully 
stocked with Standard Mold Bases 
and components to meet your de- 
livery requirements. 


Cut Costs on Your Next Program 


Start saving on your next moldmak- 
ing program, no matter how large or 
small. Take advantage of D-M-E 
Quality, Service and Economy. 


FASTER DELIVERIES 
FROM COMPLETE STOCKS 


for IMMEDIATE DELIVERY. 


Over 1,000 D-M-E Standard Mold Bases 
always IN STOCK at local D-M-E Branches 


S9-A 
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Comparison Tests 
Prove Advantages of 
D-M-E Ejector Pins 


This cross-sectional photo-micrograph of the 
hot-jorged head on a D-M-E Standard Ejector 
Pin reveals superior grain flow. 


Plastic mold or die cast die ejector 
pins amount to a fraction of total 
mold cost. But ejector pins affect 
mold performance more than any 
other single element. Recognizing the 
importance of ejector pin perform- 
ance, D-M-E carries on continual 
research and development to provide 
the finest ejector pins to meet the 
combination of grueling thermal and 
mechanical stresses ejector pins must 
withstand. 


Proof of Performance 

Recent comparison tests by an im- 
partial testing laboratory proved con- 
clusively how D-M-E Standard Ejec- 
tor Pins out-performed “higher- 
priced” pins in every test of the 
physical properties contributing to 
good mold performance—including 
tensile strength, surface and core 
hardness, surface finish and critical 
temperature of surface hardness. 


Get All the Details 

Ask your nearest D-M-E Branch for 
complete details of these comparison 
tests. And be sure to ask about the 
complete stock of every size of Stand- 
ard Ejector Pins, including *‘Letter- 
size Diameters’, available for im- 
mediate delivery. 


DETROIT MOLD ENGINEERING COMPANY 
© DETROIT: 6686 E. McNichols Rd.—CHICAGO: 5901 W. Division St. 


HILLSIDE, N.J.: 1217 Central Ave-—LOS ANGELES: 3700 S. Main St. 
e D-M-ECORP., CLEVELAND: 502 Brookpark Rd.— DAYTON: 558 Leo St. 
e D-M-E of CANADA, Inc., TORONTO, ONT.: 156 Norseman Ave. 
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Makers of top-selling 
quality toys pick 


MARLEX 


... for rigidity, toughness, 
gloss and molding accuracy! 


Toy manufacturers everywhere are begin- 
ning to realize the many advantages of 
switching to high-quality MARLEX linear 
polyethylene. Toys made of MARLEX have 
integral color that lasts and lasts—even 
after years of abuse. Children are protected 
against irritations because MARLEX is 
nonallergenic. Toys of MARLEX are easy 
t@-keep clean. They can be wiped with a 
sponge, washed in dishwashers, or even 
sterilized in boiling water. Toys made of 
MARLEX are tough, attractive and durable. 


No other material serves so well and so eco- 
nomically in so many different applications. 
How can MARLEX serug you? 


*MARLEX is a trademark for Phillips family of olefin polymers. 


Child Guidance Toys picked MARLEX be- 
cause of its excellent rigidity, toughness, 
gloss and molding accuracy. Their new 
Spinning Fan, Steam Iron and Mechanics 
Bench are excellent examples of colorful, 
durable, intricately molded toys that can 
be profitably made with MARLEX resin. 
The fan, for example, features self- 
lubricating MARLEX bevel gears. 


PHILLIPS CHEMICAL COMPANY, Bartlesville, Oklahoma 


This toy sports car and fire truck have nu- 
merous parts made of MARLEX...the tough, 
stiff, unbreakable roof, grille and bumper 
units, the fire ladder, and the self-lubricat- 
ing cam mechanism. Trimold, Inc., Buffalo, 
N. Y., who molds these items for Fisher- 
Price Toys, says, “Color won't bleed into 
MARLEX from adjacent painted wood 
parts because MARLEX is impermeable.” 


A subsidiary of Phillips Petroleum Company 


Fun for young and old... the “Jeri Wheei” 
is molded by Arrow Plastic Molders of 
Inglewood, Calif. for the Original Jeri 
Wheel Co. This modern version of an old 
standby has removable metal weights for 
changing rolling action. Because it's made 
of MARLEX, the “Jeri Wheel” won't mar 
floors. MARLEX is unbreakable . . . non- 
allergenic . . . safe for children. 


MARLEX 


PLASTICS SALES OFFICES 


NEW ENGLAND NEW YORK AKRON CHICAGO WESTERN SOUTHERN EXPORT 

322 Woterman Avenue 80Broadwoy,Suite4300 318 Woter Street 111 S. York Street 317 N. Lake Ave. 6010 Sherry Lane 80 Broadway, Suite 4300, 
East Providence 14,8.!. New York 5, N.Y. Akron 8, Ohio Elmhurst, tl. Pasodeno, Calif. Dallas, Texas New York 5, N.Y. 

GEneva 4-7600 Digby 4-3480 FRanklin 6-4126 TErrace 4-6600 RYon 1-6997 EMerson 8-1358 Digby 4-3480 
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For all these and many other plasticizer applications you should 
investigate the nontoxic, odorless Pfizer Citroflexes. 

Citroflex A-2 (Acetyl! Triethy! Citrate) for cellulosics is especially 
suited for use in plastic food wraps such as cellulose acetate packages 
for processed meats, doughnuts, etc. 

Citroflex A-4 (Acetyl Tributyl Citrate) for polyvinyls is used in 
such vinyl! products as food container coatings, bottle crown liners 
and for food-jar-cap sealing rings. 

Both Citroflex A-2 and A-4 are nontoxic and odorless. They are 
accepted by the Food & Drug Administration for use in plastic pack- 
aging of both fatty and non-fatty foods. 
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Science for the 


World's Well- 


Chas. Pfizer & Co., Inc. 
__ Chemical Sales Division 
630 Flushing Ave., Brooklyn 


rancisco, 
Verfion, Calif.; Atlanta, Ga.; Dallas, 
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WITH RIGIDITY 


TYPICAL PROPERTIES 
TGD-6000 High-Impact Styrene 


Tensile Strength, psi 
Elongation, % 


Izod Impact Strength, 
1.0 


Modulus of Elasticity in Flexure, A 44 T 


3.6 
Flexural Strength, psi BRAND 


Hardness, Durometer, D T G oO © © 
High-Impact Styrene 
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AND TOUGHNESS MAINTAINED! 


How could your product or part be made better by a Baxetrre Brand 
Plastic? Consider the all-around advantages gained by Almor Corporation, 
Van Dyke, Mich., for its new line of produce display tables . . . 


A 30% saving (over former materials) was an immediate result of 
Almor’s change to BakeLire Brand TGD-6000 high-impact styrene. 
This change followed extensive tests which proved that the large 
table sections could be vacuum-formed directly from 
sheets 3814” x 58” x 125 mil., with virtually no loss in strength 
and rigidity, even when deep-drawn to 14 inches! 


Besides a high degree of formability, TGD-6000 provides surface 
hardness and high gloss for modern, easy-to-clean appearance and 
maintenance—with uniform, integral color free from streaking. 


For technical data on TGD-6000 or any of the other Bake.tre Brand 
Styrenes, contact your Technical Representative or write Dept. CS-37H 


Completed ‘‘Almor” display table for 
large super-markets consists of a 3- 
inch tray top and a 14-inch deep base, 
both vacuum formed of BAKELITE 
Brand TGD-6000 Styrene. The 14- 
inch draw is done with a plug assist. 
Kal Plastics, Beaverton, Michigan 
extruded the sheet of BAKELITE Brand 
TGD-6000 Styrene which was vac- 
uum formed by Imperial Industries, 
Wayne, Michigan. Table designed by 
Irving Stollman. 


UNION CARBIDE PLASTICS COMPANY 


Division of Union Carbide Corporation 
30 East 42nd St., New York 17, N. Y. 


In Canada: Union Carbide Canada Limited, Toronto 7. 
The terms BAKELITE and UNION CARBIDE are registered trademarks of UCC. 
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ENJAY ADDING POLYPROPYLENE LAB 


Customer technical service wing under construction! 


This new polypropylene technical service wing at the Enjay labs in Linden, N.J., 
will be completed soon. It will be the most modern laboratory in America dedi- 
cated to helping the plastics industry to produce better products at low costs. It 
will be complete with prototypes of the equipment used by plastics manufacturers 
and staffed with scientists and technically trained men. The new polypropylene 
wing is another step in Enjay’s expansion plans to better serve the plastics industry. 


A new plant is also under construction to make polypropylene available by 
early 1960. This amazing plastic has already found varied product uses, and it is 
expected to open many industrial and consumer applications. 


EXCITING NEW PRODUCTS THROUGH PETRO-CHEMISTRY 
ENJAY COMPANY, INC. 

15 West 51st Street, New York 19, N.Y. 

Akron « Boston « Charlotte + Chicago « Detroit « Los Angeles « New Orleans « Tulsa 
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WATCH OUR PROGRESS 
REPORTS. They'll tell you all 
about this new product ...and when 
samples will be ready. 
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Society of 
Plastics Engineers, Inc. 


An international scientific and educa- 
tional organization of more than 6500 
individual members devoted to the de- 
velopment and dissemination of tech- 
nical information in the fields of re- 
search, design, development, produc- 
tion and utilization of plastics materials 
and products. The Society is incorpo- 
rated under the laws of the State of 
Michigan. 


Executive and Business Offices 
65 Prospect St. 
Stamford, Conn. 


Officers of the Society 

Frederick C. Sutro, Jr., President 
George W. Martin, Ist Vice President 
Jules W. Lindau, Ill, 2nd Vice President 
Frank W. Reynolds, Secretary 
Haiman S. Nathan, Treasurer 
Thomas A. Bissell, Executive Secretary 


All correspondence relative to busi- 
ness matters, meetings of the Society, 
membership, advertising and the like, 
should be addressed to the business 
offices listed above. 


Members should notify the business 
offices at least 30 days in advance of 
contemplated changes in address. 


Membership in the Society is avail- 
able to qualified individuals. Inquiries 
aa be addressed to the business 
office. 


Membership in the Society is extended 
to individuals who by previous train- 
ing or experience or by present occu- 
pation qualify them to carry out the 
objective of the Society. The privi- 
leges of membership are designed to 
enhance the professional standing of 
the individual member by encouraging 
participation in scientific and techni- 
cal programs and professional activi- 
ties; by developing close personal 
contacts and acquaintanceship among 
members; and by providing an oppor- 
tunity to administer the local and na- 
tional activities of the Society. 


Neither the Society of Plastics Engi- 
neers, Inc., nor the SPE Journal is 
responsible for the views expressed 
by individual contributors either in 
articles accepted for publication in the 
Journal or in technical papers pre- 
sented at meetings of the Society. 
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Now 1s the time! 


Rhine 
Editor 


EDITOR’S NOTEBOO 


SUBMIT PAPERS 


tor 16th ANTEC 


January 12-15, 1960 
The Conrad Hilton 
Chicago, Illinois 


Your 1960 ANTEC General Chairman, Frank Fine, 
and your Program Vice Chairman Chuck Waugh, as 
well as the Executive Committee and the various Com- 
mittee Chairmen, are already hard at work to develop 
a darn good Conference for your technical satisfaction. 
The backbone, and only criterion of success for such 
a conference, is the selection of papers written by YOU. 
Your help will make this the biggest and best ANTEC 
ever! 

The 15th ANTEC in New York, sponsored jointly by 
the Newark and New York Sections just a short while 
ago in January, contained a topnotch selection of 
technical papers including some on subjects never be- 
fore presented in an open meeting in this country. The 
high technical quality and smooth organization of this 
Conference was a tribute to Co-Chairmen Jim Growley 
and Guy Martinelli and their Committees 

So, while the papers from the last ANTEC are still in 
your mind, and you are studying and discussing them, 
jot down the ideas you had in January for needed pa- 
pers that occurred to you, then under that stimulus, 
decide which you can present and let us know now. 

It’s not too early! Within a few months, this summer, 
we'll be needing abstracts; and a few months after that, 
early fall, the completed papers should be in. Not much 
time is there? 

Notices will be in the mail shortly to all SPE mem- 
bers requesting papers and suggestions. Please reply to 
me at the address given below. 

THANKS FOR YOUR HELP! 

K. A. Kaufmann 

Chairman, Speakers Committee 

SPE 1960 Annual Technical Conference 
% Amoco Chemicals Corporation 

910 South Michigan Avenue 

Chicago 5, Illinois 
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Now, Plastic Molders Supply Co., Inc. 
—the leader in quality colorants 


MASTER 
PASTE 


HIGH PIGMENT 
CONCENTRATION 


LOW, LOW PRICE 


This new paste, will not only 
reduce your costs — 
but has all these advantages as well: 


® Scotch Master Paste contains the same ® Scotch Master Paste has shelf life of at least 
pigment formulations used in PMS highest one year. 
quality paste dispersions and are commercial ® Scotch Master Paste is smooth textured be- 
matches to the PMS colors. cause it is scientifically mixed. 

® Scotch Master Paste contains a polyester ® Scotch Master Paste has excellent light 
vehicle compatible with all resins. stability. 

® Scotch Master Paste will not alter cure time. ® Scotch Master Paste has been tested and 

approved by independent laboratories. 


You can take immediate advantage of this low, low price on this top quality, high 
concentrate. Standard colors, shipped immediately from stock. Special colors, including 
metallics, matched precisely and shipped within 48 hours. All colors matched by out- 
standing chemical colorists. Write, today, to: 


PLASTIC MOLDERS SUPPLY CO., INC. 


Fanwood, New Jersey « Plainfield 5-5555 


CHICAGO SHelldrake 3-1119 NORWALK, OHIO NOrwalk 8-4844 WORCESTER, MASS. Pleasant 5-1088 
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= | Plastiatrics 
A DOW'S CLINICAL APPROACH TO HEALTHY PLASTICS APPLICATION 


PROPER CLASSIFICATION AND USE OF DATA VITAL 
TO SUCCESSFUL PLASTICS PERFORMANCE 


FIVE BASIC DATA TYPES DEFINED 


Proper classification and use of avail- 
able data is one of the most important 
steps in developing good plastics design 
and engineering data. Vast differences 
in the five data types as defined by Dow 
Technical Service engineers (see chart 
at bottom of page) make it imperative 
that care be taken to insure their correct 
application. 


For example, identity data are normally 
of no value in screening, quality con- 
trol, engineering or design. At the same 
time, quality control data should not 
be applied where design or engineering 
data are required by the problem being 
studied. 


Generally speaking, quality control, 
screening and identity data fuse to- 
gether into the area of routine testing. 
They are characterized by the need for 
speed and reliability and are often 
based upon test methods far removed 
from basic design and engineering. 


Engineering and design data, on the 
other hand, are generaliy more expen- 
sive, time consuming, fundamental and 
of broader applicability than any other 
forms of data. They should not be con- 
sidered in the area of routine testing, 
but as representing materials engineer- 
ing in its fundamental form. 


Successful research, development, pro- 
duction and application of new mate- 
rials can be greatly hindered by the 
unwitting transfer of data or methods 
from testing into materials engineering. 
And yet, examples of misapplied data 
have occurred with enough frequency 
to indicate a potentially serious trouble 
spot in the industry. 


To help combat this problem, technical 
service engineers at Dow are compiling 
comprehensive design engineering data 
and principles tailored for the design 
engineer. This data, the result of con- 
tinuing studies which Dow conducts in 
the interests of the plastics industry, 
should clarify many areas of possible 


confusion on the use of plastics data. 
Future Plastiatrics articles will present 
this data as it is developed. THE Dow 
CHEMICAL COMPANY, Midland. Mich., 
Plastics Sales Department 2100EX3. 


AMERICA’S FIRST FAMILY OF 
POLYSTYRENES 


GENERAL PURPOSE 


STYRON 8666 
STYRON 689 (Easy Flow) 


MEDIUM IMPACT 

STYRON 330 (Easy Flow—Translucent) 
STYRON 777 

HIGH IMPACT 


STYRON 475 

styron 440 (Heat Resistant) 
sTYRON 440M (Easy Flow) 
STYRON 480 (Extra-High Impact) 


HEAT RESISTANT 


STYRON 683 
styron 700 


TYPE 
OF DATA 


DEFINITION 


EXAMPLE 


DESIGN 


Those data on materials which permit the design of a new item 
or improved design of an existing item through proper choice 
among materials and calculations of the size and shapes re- 
quired for satisfactory performance. 


The tensile strength of specimens made from 
a given material as a function of time, tem- 
perature and environment. 


ENGINEERING 


Any data relating to the intended performance of a complete 
item or portion of that item irrespective of the materials from 
which it was made. 


The bursting strength of a pipe as a function 
of time, temperature, and environment. 


QUALITY CONTROL 


Any form of test data relating to predetermined levels of accept- 
able quality to manufacturing conditions. 


The melt viscosity of a plastic under specific 
and prescribed test conditions. 


SCREENING 


Those data which rank similar products or materials in order of 
preference for a given characteristic regardless of specific end- 
use requirements. 


The ranking by density of expanded plastics. 


IDENTITY 


Results of tests which establish the identity, grade, type, purity 
or composition of a product among otherwise similar products. 


The detection of chlorine in polyvinylchlo- 
ride (PVC). 


THE DOW CHEMICAL COMPANY, MIDLAND, MICHIGAN 
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Styrene containers pro- 
duced on 4.400 press. 
Polyethylene closure 


in the field by 


4 VAN DORN model! H-400 4 oz. press 


Van Dorn Model H-400 press owners are re- De Mar had a well conceived idea for a 
porting excellent results in their operations. For plastic part, but no experience in molding. 
example, De Mar Products, Inc., 1317 Chesa- They came to Van Dorn, whose engineers 
peake Avenue, Columbus 12, Ohio, produces helped them procure a well-designed mold 
the styrene medical specimen containers illus- from a competent mold maker, and then 
trated with a hot runner mold. De Mar manage- checked the operation of the finished mold 
ment says the Van Dorn press provides fast, in the Van Dorn factory at no charge. 
dependable, fully automatic production, Such Van Dorn “Package Service” insures 
This operation is a typical example of Van satisfaction, helps produce profits. It is avai/- 
Dorn’s unique “Package Service” for customers. able to you also. 


Write for folder on Model H-400 Press 
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Call Celanese for: Tris-beta Chlorethyvl Phosphate... 
LINDOL (low color)... CELLUFLEX 179A (low specific gravity) CELLU FLEX 179C (general purpose grade) 
.. CELLUFLEX 112; Dibutyl Phthalate... CELLUFLEX DBP; Diocty| Phthalate... CELLUFLEX DOP; Triphenyl Phosphate 


Phosphate 


Celluflex 179 EG... 


selected for 
dependability 
and 

ease of 


processing 


... add excellent volume resistivity. low volatility, 
fire resistance, excellent solvating action, oil and 
water resistance ... result: a tricresyl phosphate 
specially developed for the wire and cable industry 


for application in vinyl coverings. 


Celanese is an expanding source for plasticizers 

for many jobs. Shipments from convenient distribution 
points are ready to meet tight schedules. 

Write Celanese Corporation of America, Dept. 569-C, 
Chemical Division, 180 Madison Avenue, 

New York 16, N. Y., for complete information. 

Export Sales: Ameel Co., Ine., and Pan Amcel Co., Ine., 


180 Madison Avenue, New York 16, N.Y. 


Celanese ®  Celluflex® —Lindol® 


Celluflex 179 EG...a 


CELLUFLEX CEF; Epoxy Plasticizers ... CELLU FLEX 21 and 23; Four grade 


CHEMICALS 


plasticizer 


sof flame-retardant Tricresy! Phosphate... 
CELLU FLEX 179KG Celectrical grade); Cresy| Diphenyl 


«oe CELLUFLEX TPP. 


: a 
PASTE Con 
= - BN SK ASS ™ \ = 
rr 
he 
(ELECTRICAL GRADE) 
4 5 
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Greater latitude in radio cabinet design is permitted by the higher 
heat resistance of Cymac® 400 polymethylstyrene plastic which will 
withstand continuous service at temperatures to 212°F without dis- 
tortion. This property, plus its ready adaptability to complex molding 
and its excellent flow and color characteristics, was one of the rea- 
sons it was selected for the cabinet of the RCA Victor table radio, 
The Burgess, illustrated here. 


Additional advantage of Cymac is that it has sufficient flexibility for 
back cover to be secured without fasteners: a simple snap-fit reduces 
cost, speeds assembly, and facilitates disassembly if required. The fol- 
lowing properties indicate Cymac 400 is an ideal material for radio 
cabinets and similar housing requirements: 

Resistance to heat, °F (CONP.) 212 
Heot distortion temperature, °F a 213 
Molding shrinkage, in./in. .. 
Specific gravity 
Flexural strength (1 in./ min crosshead speed) 

Impact strength ft/Ib/in. of notch (2 x 2 in. notched bar, Izod Test) .........00c00008 
Rockwell hardness 
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World’s smallest and lightest recharge- 
able battery cell, shown here with razor 
blade, is Yardney Electric Corporation’s 
HRO1 Silvercel®. Designed primarily for 
use in instrumentation and telemetering 


packages for missiles and rockets, it has 
a 3 amp peak pulse discharge and weighs 
less than one-seventh ounce — thanks in 


great part to lightweight molded Cymac 
: Super* 201 thermoplastic case and cover. 
*Trade mark 


New ideas in product de- Plastic materials and eat 
sign and application of duction methods beh rind 
Cyanamid plastics. successful products. 


AMERICAN CYANAMID COMPANY 
PLASTICS AND RESINS DIVISION 
32D Rockefeller Plaza, New York 20, New York 


In Canada: Cyanamid of Canada Limited, Montreal ana Toronto 
Offices in: Charlotte »« Chicago e« Cincinnati « Cleveland « Dallas 
Detroit +» Los Angeles «+ Minneapolis « New York « Oakland 
Philadelphia « St. Louis Seattle 


New cordless electric shaver features light 
weight (two ounces), damage-resistant case 
of CymMeEL® melamine plastic, designed by 
Raymond Loewy Associates. This smart-look- 


ing Universal shaver operates anywhere on ptt a 
ordinary penlight or transistor batteries. The 
CyYMEL case is contoured to fit the hand, cor- 
rugated at the top for a natural, easy grip. 
Another Yardney silver-zinc cell is shown 
= i |) here with a silver dollar for size compari- 


son. This HR1 Silvercel® delivers a 45 amp 
peak pulse discharge yet weighs only % 
ounce. CyMAc SuPER 201 methylstyrene- 
acrylonitrile copolymer was selected be- 
cause of its: 


* Low specific gravity (1.06) 

* Exceptional combination of high tensile (11,000 
psi) and high flexural (16,100 psi) strengths 

* Heat resistance (distortion point 211°F) 

* Complete resistance to concentrated potassium 
hydroxide electrolyte 

* Excellent injection molding characteristics, 


> transparence, resistance to crazing, and ease 
j of solvent-sealing covers to cases. 
Battery and motor unit are secured by 
light press fit in housing compression : 
molded of CymMeL 1079 melamine New polyester resin from Cyanamid 


molding compound. CyMEL resists LAMINAC® Resin 4106 for dual-spray applications 
breaking, chipping, scratching, perspi- 
ration, and corrosion from shaving lo- 
tions and battery chemicals. It provides 
a rich look and warm feel. Color, 
molded in, can’t chip or wear off. 
Molded by Holyoke Plastics Company, 
Holyoke, Mass., for Landers, Frary & 
Clark, New Britain, Connecticut. 


Cyanamid’s new polyester resin, LaMinac 4106, is rigid in type, 
with medium reactivity and low thixotropic viscosity. It is made 
especially for application by dual-spray methods. When so used, 
the resin is divided into two portions, one containing catalyst, the 
other promoter, both of which are stable until mixed as converg- 
ing streams enter the mold. Low viscosity and slightly thixotropic 
characteristics promote rapid wetting of glass fibers and freedom 
from sagging on vertical molded surfaces. Cure is rapid, permit- 
ting production of multiple parts per day from a single mold. 


TYPICAL CHARACTERISTICS-LAMINAC 4106 

Viscosity* 
For more complete information on these 
and other Cyanamid Plastics, send for the 
latest copy of our catalog, * ‘Molding Com- 
pounds and Resins.” Time to peak temperature 

Peak exotherm temperature 
*Brookfield Model RVF, spindle #1, 10 rpm 77°F 
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In the most technically advanced organic peroxide plant in 
the world . . . located far from dust and smog . . . in New 


CADET York’s apple growing country. 


ORGANIC PEROXIDES... 


BENZOYL PEROXIDE have the highest standards of chemical quaiity and perform- 
ance ... and are the purest catalysts available for plastics 

LAUROYL PEROXIDE polymerization. 
CADET MANUFACTURES SPECIFIC PEROXIDE COMPOUNDS FOR EVERY 
MEK PEROXIDE JOB WHERE THESE CATALYSTS ARE USED IN THE PLASTICS INDUSTRY. 


® for producing clear, haze-free polymers. 
TERTIARY BUTYL ® for quick solution in viscous monomers or prepolymers. 
HYDROPEROXIDE ® for curing silicone rubber. 


and wherever special developments require the advice and co- 
in All Their Many Forms operation of acompletely equipped peroxide research laboratory. 


Please have a McKesson representative con- 
tact me to discuss our interest in organic 
peroxides. 

Chemical Dept. 

McKESSON & ROBBINS, Inc. 

155 East 44 St., N.Y. 17, N.Y. 

Name 

Firm Name 

Address 

Product(s) 
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. Pen making is a precision business, and standards are high. B 
hyde I : ind standards ar high TYPICAL PHYSICAL PROPERTIES OF FORTICEL 
That's why top pen manufacturers show a decided preference Flow temperature: (°C.) (A.S.T.M.).......ecceeeeeees 0569-48 145—183 
for Forticel—the Celanese propionate plastic. 0176-42T 1.18—1.24 
Tensile properties i 
Fe rticel is the sur tarting point for CHEMCETINE. 0638-527 48—63 
lhis brilliant material responds as readily to machining, Flexural properties 
| | | li { | Flexural strength (p.s.i. at break)... 0790-49T 330¢ 10700 
slotting and threading as it does to fast-cycle Rockwell hardness: (R D785-51 -15 to 106 
Forticel, favorite for pens, also meets the specifications fo 1s F f 
a host of critical consumer and industrial applications— D570-42 1.5—1.8 
from pens and telephones to transistor radio housings and 
automotive parts. Here is the plastic that delivers both 
; eye appeal and function. Use coupon for more information. ' ee 
‘ Ga > Celanese Corporation of America, Plastics Division 
© ese orticel 
; ™ si : Dept. 129-C, 744 Broad Street, Newark 2, N. J. 
: Please send me New Product Bulletin A2A on Forticel Plastic. 
Forticel...a C plastic | 
a ' Company 
a Canadian Affiliate: Canadian Chemical Co Limited, Montreal, Toronto, Vancouver H 
4 Export Sales: Amecel Co., Inc., and Pan Ameel Co., Inc., 180 Madison Avenue, N. Y. 16 7 Address 
' 
City State 


Du Pont announces... 


New developments 
for molders and users of 
ZYTEL nylon resins 


Bi NEW FORMULATIONS...Four new additions |§.NEW JOINING TECHNIQUES... Difficult de- 
L to the line of Zyre:. nylon resins offer improvements sign and assembly problems may be solved by the 
Ss in specific properties to meet special needs: use of self-tapping screws. Research studies by the 
rai Du Pont Sales Service Laboratory show that this type 
A 7 a of fastener can offer substantial cost savings in joining 
¥ Zy re. 102X is a new color-stabilized resin. It is the whit- and fastening plastic parts. It eliminates the molding 
est of the family of Zyrex nylon resins and shows excel- of internal threads or a subsequent tapping operation. 
‘ lent color stability under prolonged or repeated heating. Studies cover torque requirements for driving the 


screws, permissible tensile loads with different sizes of 


b screw, hole sizes and shapes for optimum holding 
< ZyreL FE-2251, a new hydrolysis-resistant formulation, power, time and temperature studies on fastener per- 
of has been developed to meet the extreme conditions formance. The research is slanted especially to the 

7 under which this type of chemical change tends to occur. requirements of the automotive industry. Information is 


also available on new, efficient spin-welding techniques 


c of joining thermoplastic materials. 
Zyre.. 101-2315 is an improved Zyrex 101. It offers a 


Ye broad molding range, good flow and easy filling. This NEW SURFACE COLORING METHODS... 

: makes it possible to reduce temperatures and pressures New information is available on the surface coloring of 

3 required to fill a particular mold, frequently resulting parts made of Zyrex. Cleaning of surfaces represents 

- in stronger parts with better color. a negligible problem when no lubricants or mold re- 

Bes ioe lease agents are used. Recommendations for correct 

j d primer coating and its application may be made. Top- 

, Zyre. 109° is a new composition having a lower coat adhesion of enamels is found to be excellent. The : 
s melting point, lower processing temperatures, and newer finishes, such as Lucrre® acrylic lacquers, are 

ee greater flexibility than Zyre. 101. Particularly suited readily usable. Such painting is useful in putting de- 

i. for thick sections, it molds on fast cycles and has low signs on finished pieces, markings on business-machine . 

a mold shrinkage. dials and for similar applications. 

a ®New commercial code for FE-2307 


E. 1. du Pont de Nemours & Co. (Inc. ) 

Polychemicals Department 

Rm. Z-43-1, Du Pont Building, Wilmington 98, Del. 


For more intormation on any 
of these new developments 
send the coupon at right. 


Please send me more information on Du Pont Zyrer nylon 
resins. | am especially interested in the following: 


Name. Position 


Firm Name 
Street Address 


City State 
Py 
06.0.5. 009.078 Type of Business 
f BETTER THINGS FOR BETTER LIVING THROUGH CHEMISTRY In Canada: Du Pont of Canada Limited, P. 0. Box 660, Montreal, Quebec 
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Materials for Long Range Missiles and 
Space Vehicles 


Advancing developme ts in missile design have established 
requirements beyond available materials. This means that 
the engineer must utilize the materials he has to the best 
advantage until the materials researchers develop modifi- 
cations or new materials which satisfy these requirements. 


William A. Mrazek 
Army Ballistics Missile Agency 
Structures and Mechanics Laboratory 


HE Army Ballistic Missile Agency is responsible 

for prosecution of the Redstone Missile Program; the 
development of an Intermediate Range Ballistic Mis- 
sile, the Jupiter; the development of a medium range, 
solid-propellant missile system, the Pershing, which 
will eventually replace the Redstone; and for certain 
earth satellite missions. 

The Army Ballistic Missile Agency organization is 
unique in government service in that the complete 
cycle from the idea for a missile through the design, 
manufacture, static testing, flight testing, and flight 
evaluation is accomplished by the agency. In fact, 
this is the only installation in the United States capable 
of pursuing a missile project from design through 
prototype production. 

Because it is concerned with missiles and space 
vehicles from “concept to proving ground,” success- 
ful accomplishment is dependent upon team effort. An 
important position on the team must be occupied by 
materials specialists in industry, as well as in govern- 
ment: by raw materials suppliers; material processors; 
and fabricators. The plastics industry has an obliga- 
tion to develop new materials and techniques and to 
modify existing ones to enable the designer to meet 


This article is based on a luncheon speech given during the 
15th Annual Technical Conference of SPE in New York City. 
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the stringent design criteria imposed by mission re- 
quirements. 


IMPORTANCE OF MATERIALS 


The importance of materials in the missile field 
would certainly not be disputed by an engineer. The 
two things which limit missile design more than any 
other factors are the lack of materials suitable for 
missile and space vehicle application and the lack of 
adequate processing or manufacturing techniques. 

The importance of materials research in the missile 
field can be emphasized by calling to mind some of 
the criteria for missile design. These criteria will also 
suggest the problem areas which we will conside: 
shortly. 

1. 100% reliability. 

2. Materials of high-strength-to-weight ratio. 

3. Materials suitable for use with highly corrosive 
fuels and oxidizers. 

4. Launching in sea coast climatic conditions. 

5. Long-term storage and the capability of being 
launched with minimum reconditioning. 

6. Relative ease and reliability of fabrication. 

7. Nominal cost 
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PROBLEM AREAS 


Reliability 


Many problems result from the requirement for re- 
liability. In the past, some have had the impression 
that inasmuch as missiles were not carrying personnel, 
reliability was not a problem. Nothing could be farther 
from the truth. First, missiles, especially test missiles 
with all the extra instrumentation, are very expensive. 
Second, since the missile does not carry personnel, no 
repairs can be made after take-off. Thus, the failure 
of one small part of a small component may result in 
failure of the missile. In this light, problems which may 
have eluded all but the materials engineer take on an 
entirely justifiable significance. For example, a prob- 
lem which has occupied us for years is the bonding of 
rubber to metal with a bond strength superior to the 
strength of the material itself. This problem may ap- 
pear minor as compared to a large missile, but its im- 
portance cannot be over estimated. One bonding failure 
of a seat on a valve in a control mechanism can cause 
loss of the entire missile. This fact alone justifies the 
extended research put into the fields of rubber, plas- 
tics, and adhesives. 


Strength-to-Weight Ratio 


Current missile structural requirements demand the 
ultimate strength-to-weight ratio; and, the designer, 
as a general rule, looks first at the strength-to-weight 
ratio of a prospective material. 

Three possible materials for missile construction are: 
5052-H32 aluminum, titanium (MST 6A1-4V) annealed, 
and one glass fiber laminate, which I will designate 
Type III. The density of the aluminum sample is 0.097 
lb. cu. in.; corresponding density of the titanium sample 
is 0.160 lb. cu. in. and of the glass fiber laminate is 0.072 
lb./cu. in. The ultimate strength of the three samples is 
34,000 psi for the aluminum sample, 150,000 psi for 
the titanium sample, and 105,000 psi for the glass 
fiber sample Yield strength for the three samples is 
27,000 psi for the aluminum sample, 140,000 psi for the 
titanium sample, and 105,000 psi for the glass fiber 
sample. Yield strength-to-density ratio for the three 
samples is 278,000 for the aluminum sample, 875,000 
for the titanium sample, and 1,400,000 for the glass 
fiber laminate 

This comparison indicates the attractiveness of glass 
fiber reinforced plastics to the structural designer when 
considered on the basis of strength-to-weight ratio 
alone. However, much remains to be learned about 
the behavior of glass fiber reinforced laminates under 
cyclic or flexual loading before the missile designer is 
able to utilize these materials with confidence. Such 
basic studies on materials we already have would cer- 
tainly be worthwhile. 


Propellant-Related Materials Problems 


Fuels and oxidizers used as propellants for ballistic 
missiles and space vehicles introduce a multitude of 
materials problems. Such liquid oxidizers as liquid 
oxygen (LOX), fuming nitric acid, hydrogen peroxide, 
and fluorine, and such proven fuels as hydrocarbons, 
hydrazine, and ammonia pose their own special sets 
of materials problems. 

In addition, the propulsion engineer is not always 
able to use the optimum combination of fuel and oxi- 
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dizer because of the problems involved in containing 
and transferring liquids. 

As an example, let us consider briefly some of the 
problems introduced by the Redstone propellants: liq- 
uid oxygen, alcohol, and hydrogen peroxide. 

It is difficult to find a more concentrated oxidizer 
than liquid oxygen. Its physical condition, however, 
causes a lot of difficulties, since the liquid boils at 
—183°C, resulting in quite a loss of liquid in the 
case of insufficient insulation. Of course, insulation 
imposes a weight penalty which is undesirable. Only 
three or four metallic materials are suitable for ap- 
plication at LOX temperature: aluminum, austenitic 
stainless steel, copper, and, perhaps, magnesium. A 
further problem is that traces of organic materials on 
metallic surfaces or organic materials in components 
such as valves or gaskets can react explosively with 
LOX under condition of impact. In one instance while 
LOX was being transferred through an aluminum valve 
and pipe, the valve blew into pieces and the aluminum 
pipe burned like a wick. The only explanation which 
could be found for this accident was an oily fingerprint 
on the aluminum valve. There have been missile ex- 
plosions in which lubricants or sealants were involved. 
In our application, all material which must contact 
LOX is chemically cleaned, and when it is necessary 
to use organic materials, these are selected on the 
basis of an impact test. That is, a sample of the material 
is submerged in LOX and an impact force is applied 
to the sample. A limit of insensitivity has been estab- 
lished to qualify these materials as reasonable risks. 

An instrument for determining the LOX impact 
sensitivity of materials has been developed at ABMA. 
This instrument is being utilized now in other labora- 
tories throughout the country. While relying on the 
results obtained with this instrument, we have never 
had an accident with LOX. This problem of qualifying 
materials for use with propellants is one in which 
much work remains to be done. Plastics are at a great 
disadvantage for application with LOX; however, there 
are plastics which are being used currently with this 
oxidizer. 

The Redstone fuel (alecohol—75%:; H.O.—25%) is 
easily handled; however, it is very corrosive to steel 
and light metals. The mixture is more corrosive than 
either of the components alone. This corrosion problem 
is more evident in field handling than in missile use. 

A high concentration of hydrogen peroxide (76%) is 
used to obtain for a short time the large amount of high 
pressure steam necessary to drive the turbopumps 
which feed the propellants into the combustion cham- 
ber. The instability of H.O, makes it necessary to use 
metals of comparatively low strength for missile tank- 
age. In the interest of weight saving, it would be desir- 
able to use high strength material for these pressure 
vessels. This appears to be possible only if a coating 
material, resistant to H.O, can be developed. Such a 
coating is being developed, and results to date are 
quite favorable. 

Oxidizers and fuels also cause problems with gaskets, 
washers, O-rings, valve seats, lubricants, etc., since 
most of the oxidizers and many of the fuels attack 
the usual organic materials. Plastics such as Teflon 
and Kel-F and the oil- or grease-like polymers of the 
Fluorolube type have been utilized widely as chemi- 
cally resistant materials; however, they are not suitable 
for every application. Many plastics researchers can 
be kept busy developing materials which would be 
suitable for use with various oxidizers and fuels. 

Test setups in which corrosion effects on possible 
missile materials are greatly accelerated are one help 
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in determining corrosion resistance of materials. Such 
tests should not be conducted in place of tests in the 
actual environmental conditions where it is expected 
that missiles will be stored or launched. Long-time 
environment tests and accelerated corrosion tests 
should be the concern of the materials developer deal- 
ing with corrosion resistant materials. 


Temperature Problems 

Although I have suggested the existence of materials 
problems at sub-zero temperatures, up to this point 
I have not mentioned the high temperatur+ problems 
inherent in the missile field. In missiles, we ‘iave three 
types of heat problems: (1) those associated with the 
airframe, (2) those associated with the rocket motor, 
and (3) those associated with the re-entry body. In the 
first two cases, the problems vary with application, but 
the problem can usually be solved without using exotic 
material. 

Fortunately for the missile designer, high tempera- 
ture exposure is of short duration, of the order of a 
few minutes at most. This means, of course, that a 
material can be applied for much higher stress levels 
at short-duration high-temperature exposures. 

Unfortunately, very little data of this type are avail- 
able. Short time in the literature means 30 minutes o1 
15 minutes, at the least. The short exposure time has 
allowed many metals to be used beyond their normal 
operating temperatures and has allowed glass fiber re- 
inforced plastics to be used at temperatures well above 
the decomposition temperature of the resins under 
equilibrium conditions. For example, jet vanes and 
rocket nozzles have been made of reinforced plastics. 

The third type of heat problem, and the one which 
dwarfs all others, is the problem of aerodynamic heat- 
ing when the missile re-enters the earth’s atmosphere. 
This problem is the type which is of immediate interest 
to you. A long range ballistic missile is, in effect, a 
meteor: it is hurled into upper space, and then falls 
back at high speeds into the denser lower atmosphere. 
The denser lower air will slow it, but the body will also 
heat and perhaps burn up. Some way must be found of 
absorbing, draining off, or neutralizing this heat so that 
the missile can re-enter the earth’s atmosphere intact. 
There are several approaches to the problem. These in- 
clude (1) insulating and maintaining an extremely high 
surface temperature by means of ceramic skins, (2) 
film cooling where a liquid is exuded through the skin 
to cool the outer layer, (3) using higher-temperature 
alloys (yet to be devised), (4) increasing the thickness 
of the missile’s skin or choosing a high heat capacity 
material to provide a heat sink, and (5) providing a 
material whose melting or decomposition can be con- 
trolled in such a manner that heat is dissipated. 

In addition to the high temperature problem, some 
problems are in the sub-zero region, as indicated earlier 
in the discussion of materials suitable for use with LOX. 
In operation at ABMA is a testing device to measure 
sub-zero mechanical properties of certain alloys for 
which data are unavailable. 

In addition to high-temperature properties and low- 
temperature properties, there are still other applica- 
tions in which missile structural materials are subjected 
to severe thermal cycling: for example, an orbiting 
satellite as it continually passes from the earth’s shad- 
ow into the sunlight and into the shadow again. 


A FORWARD LOOK 


This is but one of the problems brought on by the 
advent of the “space age.” Indeed, the materials engi- 
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neer has been faced with a whole new set of problems 
based upon the conditions which will be encountered in 
outer space. One major source of difficulty is the lack 
of information on exactly how serious the environmen- 
tal conditions may be. One may list the adverse con- 
ditions of outer space as being primarily (1) tempera- 
ture extremes, (2) high vacuum, (3) solar radiation, 
(4) cosmic radiation, (5) residual gases, and (6) meteor 
bombardment. 

The problem of radiation damage may be more seri- 
ous in polymeric and other organic materials such as 
special paints, organic sealants, and lubricants than in 
the case of pure metals. Any hydrocarbon after irradia- 
tion will turn into an inextricable mixture resembling 
petroleum in its general constitution. Polymerization 
dehydrogenation, and cracking may also occur. It has 
been shown that polymethyl methacrylate is broken up 
by high energy radiation. Internal bubbling occurs as 
a result of decomposition, and gases are liberated which 
may diffuse. Rubbers become hard and brittle in some 
instances and in others oily and tacky. Other materials 
such as polyvinyl alcohol, gutta percha, neoprene, and 
polystyrene have been shown to become cross linked 
under raciation. Irradiation of polyethylene causes cross 
linking and formation of a new polymer having a higher 
melting point and greater resistance to chemical attack. 
In some cases properties are improved. In other cases, 
the materials are essentially destroyed. 

It has been shown that certain organic materials can 
act as protective agents in competing for degradative 
radicals occurring after chain rupture. Much more work 
is required along these lines. 

The advances in the missile and satellite fields have 
also placed upon the materials engineer the require- 
ment for paints and other surface coatings of highly 
specialized properties. Coatings having a specific re- 
flective-absorptive ratio are required as well as ice 
phobic coatings and paints of low weight. Paint already 
constitutes a weight problem. In orbiting bodies, in 
particular, special care must be given to developing 
paints with good resistance to the degrading effects of 
intense solar radiation. Here again cosmic radiation 
may also play an important role in destroying the paint 
vehicle or at least changing its special properties. 

Another area of great interest is in the thermal prop- 
erties of materials under influence of the extreme cold 
of outer space and the high heat flux of re-entry con- 
ditions. Here again is another aspect of material tech- 
nology wherein the literature is of little aid, and where 
much remains to be done. : 


CONCLUSIONS 


In summation, one may say that advancing missile 
designs have established requirements beyond the prop- 
erties of all commercially available materials. The mis- 
sile engineer has but one alternative while awaiting 
advancement in the materials field. He must align him- 
self with the designer and the fabrication specialist to 
devise means of utilizing the materials he has to the 
best advantage. This may require composite materials 
and unorthodox designs, fabrication techniques, and 
materials application, but it is the most expedient 
means of advancing missile design while we are waiting 
for you materials researchers to extend the horizon by 
modification of available and development of new ma- 


terials. 
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Pitfalls in Evaluation of PVC Stabilizers 


Here are some rules for testing vinyl stabilizers. They were 
developed through long experience, and only by a careful 


analysis of each step presented here can a choice be made 


IRTUALLY ALL INGREDIENTS, used in the pro- 

duction of polyvinyl chloride end-products, must 
pass frequent, strongly competitive evaluations, if they 
are to survive in the market. 

These evaluations are conducted by the manufac- 
turers of the individual ingredients of the final mix, 
by their customers, and by many other service labora- 
tories 

In the case of stabilizer evaluation, the problem is 
generally: Given a particular formulation with a known 
content of specified resins, plasticizers, fillers, pigments, 
and other additives, to be processed under some speci- 
fied conditions, what stabilizer is best suited to provide 
some specified degree of stability? 

It is not normally within the province of the stabilizer 
evaluator to suggest that substitution of one resin for 
another, or one plasticizer for another, etc., would, in 
effect, improve ultimate stability. The choice of resins 
and plasticizers depends on many factors of which 
stability is but one. Nevertheless, these ingredients do 
make their. own individual contribution to stability or 
instability 

Thus, the stabilizer evaluator is confronted with a 
situation in which many variables which are known to 
affect stability are already fixed. It is his duty to find 
the stabilizer which will take advantage of those fac- 
tors already in the formulation, which hinder degrada- 
tion; and to counteract those factors which promote 
degradation 

In picking his way among the many ingredients and 
processing conditions which determine the final prod- 
uct, the evaluator risks many pitfalls which could lead 
to an erroneous, and, the refore, excessively costly 
choice. Some of these pitfalls are discussed below: 


The Pitfall of the Changing Resin 

For perfectly good and sound reasons, many vinyl 
processors use more than one resin. These resins are 
often chosen so that switching from one to another in 
processing, will require a minimum of change in operat- 
ing conditions. When stabilizers were at an earlier stage 
of development, similar resins could be readily pre- 
sumed to have similar stabilization requirements. But, 
with increasing stabilizer efficiencies, the effort is made 
to exploit every subtle difference in resins (and other 
raw materials) to secure optimum stabilization. 
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which will result in superior quality and reduced cost. 


Charles H. Fuchsman 


Ferro Chemical Corp. 


Thus, the responsiveness of the different resins to 
metal-organic compounds has now been extensively 
studied. This is particularly true of responsiveness to 
zine-containing stabilizers. Resins are neither better nor 
worse for responding to zinc stabilization. But, optimum 
stabilization is obtained only by understanding their 
individual characteristics. 

Reputable stabilizer suppliers can help their cus- 
tomers (on the basis of laboratory and field experience) 
in adjusting stabilizer systems to meet changes in resin 
supplies. 

Stabilizers should be checked against known changes 


im resin. 


The Pitfall of Filler 

While most calendered and extruded vinyls are 
opaque, filled stocks, many evaluatory tests are carried 
out in clear formulations. This practice had, and has, 
some logical basis. Certainly degradation color changes 
are more readily detected in clear formulations than in 
opaque stocks, And, in many systems, particularly using 
older types of stabilizer, the filler, or pigment, is so 
inert, that relative stabilizer ratings could readily be 
transferred from one system to another. Here again, 
however, superior stabilizer systems attempt to make 
every ingredient in the system work at maximum 
efficiency. Under present processing conditions, the 
fillers can often be made to work synergistically with 
stabilizers to achieve remarkable effects. Thus, very 
often zinc-containing stabilizers contribute long-term 
stability in filled systems, while they reduce long-term 
stability in clear systems. 
Proper stabilizer selection means best utilization of the 


filler. 


The Pitfall of the “Typical” Formulation 

In order to illustrate the performance of resins or 
plasticizers or fillers, suppliers of these materials often 
publish “typical formulations.” These guideposts can 
be used to advantage, only in connection with a sound 
stabilizer evaluation program. This is particularly true 
when one takes into account the wide range of com- 
positions and performances which are encompassed in 
oft-repeated suggestions “Ba-Cd stabilizer 2 phr.” Not 
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only do barium and cadmium contents vary widely, 
but the other ingredients which make up the stabilizer 
formulation exert their own extremely important in- 
fluence. Thus, while published “typical” formulations 
might well serve as a starting point for stabilizer evalua- 
tion, they can rarely, if ever, be regarded as a final 
recommendation. One leading stabilizer manufacturer 
has at least eight Ba-Cd stabilizers in active produc- 
tion, and others suitable for special applications, each 
with distinctive properties and heat and light stabiliza- 
tion characteristics. 


Stabilizers differ; they cannot be bought by specifica- 
tion alone, they can only be selected on the basis of 
performance. 


The Pitfall of Testing in Sequence 

Not so long ago gross differences between competitive 
stabilizer performances were quite common. These 
great differences are still observed, but much less often. 

When looking for big differences there was no prob- 
lem in reproducibility of tests. What was good was 
good; what was bad was bad. Nowadays one looks for 
less easily noted differences. This has necessitated 
simultaneous testing of competitive systems, rathe: 
than testing in sequence. 

The reason for this becomes evident if one con- 
siders the degradation rate as doubling for every 10°C 
rise in temperature. A variation of 3°F would, there- 
fore, cause a difference in 10 minutes in performance 
rating in a 2-hr. oven heat test. Despite continually 
improved design of ovens, it is difficult enough to 
insure that samples in the same oven will have the 
same temperature to within 2°F. It is correspondingly 
more difficult to duplicate heat history when the test 
samples are not run simultaneously. 

These seemingly small differences have become in- 
creasingly important. A variation of 10 minutes in a 
two-hour heat test often implies a 10° difference in 
stabilization cost. 


All competitive heat tests should run simultaneously. 


The Pitfall of the Unknown Standard 

With some stabilization systems, the compound ap- 
pears to be reasonably unchanged by heat or light until 
some critical point is reached, at which time discolora- 
tion appears and spreads rapidly. For such systems, 
it is frequently possible to specify time, temperature, 
light exposure, etc., and to evaluate stabilizers on a 
yes-or-no basis. However, for most stabilization systems 
the development of discoloration is quite slow, without 
sudden failure, and the minimum acceptable degree of 
stabilization is often difficult to define precisely. It is 
thus necessary to run the test stabilizer system against 
a standard. Unless there is a realistic standard (usually 
a similar system but embodying different stabilizers or 
the same stabilizers at different concentrations), the 
results of the test are of very little value. 


All tests, to be meaningful, must be run against a 
standard. 


The Pitfall of “Long Long Term” 

It is true that for most stabilizer systems, the use of 
more stabilizer increases the stability of the product. 
When stabilizer types were fewer than they are now- 
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adays, a reasonably good judgment could be obtained 
by prolonged heat-testing. Such long tests would ac- 
centuate the difference between stabilizers. 

The stabilizer types now available differ so markedly 
in their curves of discoloration vs. time, that the best 
stabilizer, judged for a “long long term” (e.g., more 
than 2 hrs.) may be quite mediocre compared with 
another stabilizer in a 1 hr. test. The decision as to 
a realistic heat requirement will carry with it, there- 
fore, important implications not only on the amount 
of stabilizer to be used, but also on the kind of stabilizer. 

Typically many of the solid “Ba-Cd” stabilizers are 
superior in heat tests lasting 2-4 hrs., while the better 
liquid “Ba-Cd” stabilizers are superior in tests ranging 
from 30 minutes to 2 hrs. 

An important problem here is the rework factor. If 
we assume in a calender a theoretical minimum heat 
history of about 20 minutes and a maximum rework 
percentage of 25°7, we have the following limiting set 
of conditions: 

75°, of the product will have been processed for 
20 minutes. 

18.7°; of the product will have been processed for 
40 minutes. 

4.7°, of the product will have been processed for 
60 minutes. 

1.2°, of the product will have been processed for 
80 minutes. 

0.3¢, of the product will have been processed for 
100 minutes. 

0.1°, of the product will have been processed for 
120 minutes. 

Thus, even under the unfavorable operating condi- 
tions which are represented by this table, the amount 
of material which is processed for more than 2 hrs. is 
so small, that even if it were discolored, the dilution 
effect would probably render it entirely undetectable. 

Typically, operations are more efficient, and heat 
history beyond 11% hrs. does not correspond to a real 
problem in most applications. 


Unneeded long term stabilization may be costly, and 
may be purchased at the expense of other desirable 


properties, 


The Pitfall of “Multiple and Single Packages” 

The flexibility of the multiple package system is cer- 
tainly advantageous in many instances. This is generally 
counterposed by the inventory and handling economies 
of the one-package system What is frequently over- 
looked, however, is the chemical difference which often 
exists between one- and two-package systems. 

Thus, good Ba-Cd stabilizers are not mixtures of 
barium and cadmium stabilizers. The conditions of their 
preparation are such as to secure a stabilizer which does 
the job better than a simple mixture could possibly do. 
As the mixtures become more complex, the importance 
of controlled interaction between the stabilizer com- 
ponents becomes increasingly the key to effective, 
economic stabilization. 

Often the compounds which appear in single package 
systems are not known in the pure form, or can be 
prepared as pure substances only with great difficulty. 
Commonly, because of commercial competitive con- 
siderations, their chemical compositions are not de- 
scribed in chemical literature. 


Good stabilizers perform better than mixtures of their 
raw components, 


(Continued on page 219) 
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CASTABLE CONDUCTIVE PLASTICS 


Commercial polyester resins filled with ammonium perchlorate and graph- 
ite produce a series of combustible conductive plastic materials. Volume 
resistivities as low as 0.7 ohm-cm are obtained from essentially noncom- 
bustible composition containing approximately 50% graphite. Improved 
combustibility and a volume resistivity of 6 ohm-cm are obtained from a 
composition containing 20% ammonium perchlorate and 30% graphite. 


William C. Tanner 
Plastics and Adhesives Research Section 
Picatinny Arsenal 


COMBUSTIBLE conductive plastic material was 

required for an Army Ordnance application. The 
prime requirements for this material were: (1) com- 
plete combustibility and (2) a volume resistivity of less 
than 10 ohm-cm 

It is known that the electrical conductivity can be 
achieved in polymers by incorporating electrically con- 
ductive fillers such as metal powders or conductive car- 
bon blacks. In addition, the burning characteristics of 
a polymer can be altered by incorporating oxidizers 
such as perchlorates. In each case the properties of the 
system will be a function of the amount and the proper- 
ties of the plastic binder and the incorporated filler. 

Polyester resins were selected as the plastic binders 
for this investigation for the following reasons: 

a. Polyester resins were reported (Ref. 1) to have 
lower volume resistivities than some of the other candi- 
date materials. 

b. Polyesters are combustible in air. 

c. Polyesters can be cured at room temperature and 
are adaptable to casting as well as to molding com- 
pounds 

Some of the variables which were found to influence 
volume resistivity of the conductive composition are: 


Composition of the Polyester Resin 


Table I shows the variation in volume resistivity of 
three castings, each made with a different polyester 
resin. The resins employed in this study were proprie- 
tary materials of the unsaturated polyester, styrene 
modified type. 

It may be seen from Table I that volume resistivity 
of the casting depends upon the chemical composition 
of the polyester resin, the resistivity being the highest 
with the flexible polyester. Since the addition of filler 
and styrene monomer to the rigid polyester caused 
embrittlement, the flexible polyester was employed in 
subsequent investigations, 


Additional Styrene Monomer 

Additional styrene monomer was added to the flexible 
polyester resinous system to reduce the viscosity to 
accommodate larger quantities of filler and to maintain 
sufficient mobility in the resin systems to permit casting. 


1“*Plastics Property Chart,” Modern Plastics Encyclopedia, Plastics Cata- 
logue Corp., Bristol, Conn. (Sept. 1956) 
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The addition of styrene monomer affected the volume 
resistivity as shown in Fig. 1. 


Type and Amount of Conductive Filler 


The type and amount of conductive filler incorporated 
is the chief factor in determining the electrical con- 
ductivity of the system. One theory offered to explain 
electrical conductivity of systems such as are studied 
in this paper assigns the conductivity to the conductive 
filler particle-to-particle contacts. Dispersed fillers re- 
sult in a multiplicity of paths along which current can 
flow. The electrical conductivity, then, depends largely 
upon the inherent conductivity of the filler, the re- 
sistances of the filler particle-to-particle contacts and 
the concentration of the filler. For this investigation a 
non-metallic filler, graphite, was selected to eliminate 
the possibility of an abrasive residue after combustion. 
Other conductive non-metallic fillers such as furnace 
or acetylene blacks may have been used, but these 
generally yield higher and more variable resistances 
than the graphites. Fig. 2 illustrates the change in vol- 
ume resistivity observed with varying amounts of 
graphite filler. It should be noted that the minimum 
volume resistivity is approached when the weight ratio 
of binder to graphite is 1:1. Hence, little change in vol- 
ume resistivity can be expected by adding more graph- 


TABLE | 


Variation of Volume Resistivi‘y Obtained with Different 
Polyester Resins 


Volume Resistivity 


Resin Used in Base Formula of Casting 


4.81 ohm-cm 
5.76 ohm-cm 
6.54 ohm-cm 


rigid commercial polyester 
” ” ” 


flexible commercial polyester 


Base Formula Parts by Weight 


polyester resin 

added styrene monomer 
Grade I graphite* 

MEK peroxide 

cobalt naphthenate (6.0%) 


*Grade I graphite as designated in JAN-G-155. 
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TABLE Il 
Effect of Graphite Particle Size on Volume Resistivity 


Graphite Used in 
Base Formula Size 


Average Particle 


Volume Resistiv- 


Graphitic 
ity of Casting 


Carbon Content 


electrical grade graphite 10 microns 
5 
” ” ” 2 5 ” 


Base Formula Used 


commercial flexible polyester 
styrene monomer 

graphite 

MEK peroxide 

cobalt naphthenate (6° ) 


97-98°; 3.76 ohm-cm 
97-98°; 
97-98; 267 ” 


Parts by Weight 


ite to the mixture. In addition, more graphite would 
make the composition too viscous for casting. 


Graphite Particle Size 


It was found that the volume resistivity of the castings 
was influenced by the particle size of the filler (see 
Table II). 

It may be observed that the smaller graphite particles 
yield castings of lower volume resistivity. However, 
using the smaller particles as filler increases the vis- 
cosity of the resinous system at a much faster rate than 
the volume resistivity decreases. This makes it impossi- 
ble to include enough filler to yield a castable compo- 
sition with the desired volume resistivity. Grade I 
graphite with the sieve analysis shown in Table III 
proved satisfactory for the formulation of castable com- 
positions of acceptable volume resistivity. 


STYRENE MONOMER 


VOLUME RESISTIVITY, OHM- CM 


30 35 40 
MONOMER 


FLEXIBLE LYESTER 
MULA 
PARTS BY WEIGHT 


HITE 
FLE POLYESTER AS INDICATED 


Figure 1. Variation of volume resistivity with added sty- 


rene monomer. 
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Amount of Oxidizer 


The graphite filled castings are difficult to ignite and 
are self-extinguishing once ignited. The addition of an 
oxidizer in place of some graphite filler improves igni- 
tion and burning characteristics. A composition contain- 
ing 20 parts ammonium perchlorate in place of the same 
amount of graphite burned smoothly to form a soft 
powdery ash. Fig. 3 shows the variation of volume 
resistivity obtained when ammonium perchlorate is 
substituted for graphite. It may be observed in Fig. 3 
that the volume resistivity increases rapidly with the 
perchlorate substitution. Since 10 ohm-cm was estab- 
lished as the maximum volume resistivity for this 


TABLE Ill 


Sieve Analysis of Grade | Graphite 
Sieve Mass Fraction 


140 0.009 
200 0.025 
325 0.177 
325 0.789 


ris) 


FC 


MATERIALS 
GRAPHITE 


Ox\0€ 
ALT NAPHTHENATE 
TBINDER 1S | PARTS STYRENE MONOMER TO) PART RESIN 
Figure 2. Variation of volume resistivity with amount of 
graphite filler. 
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castings with volume resistivities of approximately 6 
ohm-cm. 

This investigation was limited to castable composi- 
tions. However, molding compositions can be similarly 
mT / compounded. They would yield moldings of superior 

conductivity since they would contain less organic 
binder. 

Environmental factors such as temperature and rela- 
tive humidity were shown to have little influence on 
: the electrical properties of a typical casting. Composi- 
= tions, both with and without the perchlorate, when 

exposed to extremes of humidity showed less than 1% si 
4 change in weight and no decrease in conductivity. 
Fig. 4 shows the variation of volume resistivity with 
temperature for a typical composition. At 165°F the 
particular composition under test softened somewhat. ‘ 
However, the volume resistivity remained essentially 
constant at temperatures from —50 to +165°F. 


EXPERIMENTAL PROCEDURE 
Mixing and Casting 


In this investigation vigorous mixing was avoided 
> to prevent air entrapment and filler particle break- 

down, both of which can give rise to inconsistent re- 

sults and higher resistances. The resin, additional 
! styrene monomer and cobalt naphthenate were blended 
into a uniform solution. The peroxide catalyst was 
added and the mixing was continued. The fillers were 
then added intermittently. As soon as the mixture 
appeared uniform the specimens were cast in rectangu- 
lar-troughed plastisol molds. 


L | | | 


3 a 
PARTS BY WEIGHT NH, C/O, 


Figure 3. Effect of replacing graphite with NH: ClO: on 
the volume resistivity. 


material, 20 parts ammonium perchlorate was the 


maximum substitution made. 


On the basis of this investigation the following cast- . 
Curing 
able formulation is recommended for maximum con- 
ductivity: Castings were put in an oven at 85°C and allowed 
Parts by to remain 1 hour at that temperature. In each case 
Materials Weight gelation occurred in less than 5 minutes. This prevented 
appreciable filler settlement. An additional 24 hours 
Grade I graphite 50.0 PE 2 
; was allowed for cure at room temperature. The rec- 
flexible commercial polyester 13.0 : 
: ” tangular castings were then machined to produce speci- 
MEK peroxide 2.0 oe 


cobalt naphthenate 


This composition will yield castings with volume Instrumentation 
resistivities of approximately 0.70 ohm-cm. Replace- 
ment of 20 parts graphite with ammonium perchlorate The circuit and jig shown in Fig. 5 were used to 
produces a combustible composition that will yield measure the resistance of the specimens. To avoid ° 


Figure 4. Variation of volume resistivity 
with temperature. 


50 -25 0 26 50 2S 
TEMPERATURE, °F 


SPE JOURNAL, March, 1959 


| 
2 
! 
0.5 
= 
9 
a 
5 
s 
> 
(4 
218 


large contact resistances between the electrodes and 
specimens each end of each specimen was coated with 
a conductive silver paint. 

The formula used to calculate resistivity, ¢,, was 
derived as follows: 


(Eq. 1) 


where i = R, rR. (Eq. 2) 

R, assume R, negligible in (Eq. 2) 
Then i = . (Eq. 3) 

Substituting Eq. 3 in Eq. 1 

V, Ri; also R, = 


When R: > 


Hence 
L, 
Where 
volume resistivity, ohm-cm. 
known resistance, ohms (10° ohms) 
voltage drop across specimen 
cross-sectional area of specimens, sq. cm. 
, = Length of the specimen, cm. 
E = emf of the battery, volts 
The circuit used in this investigation does not exclude 
surface effects. However, the surface current in a 
semi-conductive material is negligible compared to the 
total flow. Hence, the values calculated for resistance 
in this investigation may be shown to correlate closely 
with the volume resistivity. 


leads to circuit 


—ad\vetable plotes 


Figure 5. Jig and circuit for resistance measurement. 


PITFALLS (Continued from page 215) * 


The Pitfall of “Liquids vs. Solids” 

The use of liquid stabilizers affords numerous operat- 
ing conveniences and economics. Nevertheless, for some 
formulations, the best stabilizers are not available in 
liquid form. The nearest liquid equivalents may, in 
fact, represent a stabilization cost which outweighs the 
operating savings in materials handling. Assigning 
proper weight to stabilizer costs and to materials han- 
dling may help avoid an important source of error. 


Stabilizer performance often outweighs convenience of 
form. 


The Pitfall of “Just Lubricants” 

The mild stabilizing action of calcium stearate, and 
the absence of any stabilizing activity of stearic acid 
was for a long time an adequate description of the 
role of some typical lubricants. The realization that 
stearic acid can have a stabilizing effect, when used 
with some of the more recent stabilizers, and not in 
other systems, has complicated the evaluation problem. 
The lubricant, which has largely been regarded as a 
maintenance item, is often not measured out as meticu- 
lously as is the stabilizer. When used in the proper 
concentration for optimum stabilization it may have 
almost no lubricant effect. 
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This, then is another potential pitfall which the 
stabilizer evaluator must consider. 


Lubricants are not inert; lubricant addition must be 
considered in the choice of the stabilizer. 


Conclusion 

These pitfalls are illustrative of the widespread prob- 
lem of changing and refining test methods to meet new 
situations. Only by careful and patient analysis of 
each step in the evaluation process can the wise choice 
be made, which will result in superior quality and 
reduced cost. 

The stabilizer manufacturers can and do contribute 
much to this program in their own technical service 
work. The consumers of stabilizers help themselves as 
they place greater emphasis on precision in testing, 
and as they maintain their continuous awareness of 
factors affecting stabilizer evaluation. 

As industrial experience has repeatedly shown that 
clearer thinking not only makes for better stabilizers; 
it also makes for better choice of available stabilizers, 
and, therefore, for better vinyls for the buying public. 
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pleteness of cure. 


Fabricating Silicone Laminates 
to Get the Most Strength 


The most important factor in determining the strength of low-pressure 
silicone laminates at both high and low temperatures is the com- 
Other fabricating variables analyzed as to their 


effect on laminate strength include: manufacturing source of the 
glass fabric, number of plies in the laminate, catalyst concentration, 
resin pickup, precure time, precure temperature, press temperature, 


laminating pressure and time, and postcure time and temperature. 


L.W. Breed 


Howard Christie 
Calvin Bolze 
Fred Baiocchi 


KNOWLEDGE of the dependence of the strength 

properties of laminates on the fabrication variables 
is particularly important in experimental work where 
laminate strength is used as a criterion of resin quality. 
A study has been made in this laboratory of the im- 
portance of laminating parameters in determining 
strength of silicone-glass fabric laminates. In these ex- 
periments a group of laminates was prepared under 
various conditions from a commercial low pressure 
silicone laminating resin and a heat-cleaned 181 style 
glass cloth. These laminates were tested for ultimate 
flexural strength, and the results of the experiment 
were analyzed by statistical methods. 


This research was supported in whole or in part by the United 
States Air Force under Contract No. AF 33(616)-3675, monitored by 
the Materials Laboratory, Wright Air Development Center, Wright- 
Patterson Air Force Base, Ohio 


Midwest Research 


Institute 


Variables studied were those involving the composi- 
tion of the laminate, the impregnation and precure 
steps, the laminating procedure, and the postcure condi- 
tions. Changing the magnitude of any particular vari- 
able was evaluated directly for its effect on the strength 
of the finished laminate, rather than for its effect on a 
secondary property of the system, such as gel time or 
percent flow. 

The statistically designed experiment was used be- 
cause, first, it allows the selection of those laminating 
variables whose effects are important as determined by 
a designated confidence; second, it peermits an evalua- 
tion of nonadditive relations (interactions) between 
variables. Additionally, it allows the partial replication 
of experiments—a procedure by which results may be 
obtained without running all possible combinations of 
the variables. A final advantage is that the error in- 
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Figure 1. Main effects—Combined room temperature and 
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STRENGTH RETENTION, & 
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Figure 2. Main effects—Strength retention at 500 F. 


volved in preparing and testing the laminates may be 
accurately assessed. 


EXPERIMENTAL DESIGN AND ANALYSIS 


Variables and the levels of each selected for study 
are shown in Table I. In many cases these levels were 
selected to straddle the value recommended by the 
manufacturer. The experiment called for the prepara- 
tion of 128 laminates and the design was a 1/32 replicate 
of a 2° x 4° factorial. The order in which these lami- 
nates were prepared and evaluated with respect to the 
variables was randomized. 

Calculations for the statistical analysis were carried 
out on a National Cash Register digital computer. Nu- 
merical results, expressed in several ways, are included 
in the accompanying tables and figures and represent 
the following different methods of treating the data: 


Determining Strength and Strength Retention 


The average ultimate flexural strengths at room tem- 
perature and 500°F are shown in Table II for each level 
of the variables studied. Where the difference in 
strength between the levels was significant or approached 
significance, an appropriate symbol is used. These val- 
ues represent “main effects” or the contribution of a 
particular level of a variable to strength independently, 
i.e, when the effects of all other variables are bal- 
anced. 

Corrections were made in the analysis for the devia- 
tion in resin pickup which resulted from the hand-dip- 
ping technique. It was found that these corrections did 
not materially change the “main effects” for the experi- 
ment as a whole. 

Further statistical analysis was applied to the log- 
arithms of the flexural strengths. This transformation 
was chosen for two reasons. First, the variation in test 
strength increased with mean test strength and the log 
transformation introduced a weighing factor to com- 
pensate for this trend. In addition, the log model was 
more appropriate because the effects of the variables 
were more multiplicative than additive. 

Each variable was tested for its effects on mean 
strength and strength retention. The first value is equal 
to 1/2(log strength,; + log strength; ,o¢), and the 
test reflected the effect of the variable studied on lami- 
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TABLE | 


Laminating Variables and Levels Studied 


Levels 
Manufacturer A 
Manufacturer B 
2. Laminate thickness 6 ply 

12 ply 
3. Catalyst concentration 17% 


Variable 
. Fabric 


recommended by 
manufacturer 
17% > recommended by 
manufacturer 
. Resin pickup 38°, 
45°; 
5. Precure time 4 min. 
7 min. 
. Precure temperature 210°F 
240°F 
. Laminating tempera- 300°F 
ture 330°F 
360°F 


. Laminating pressure 


9. Laminating time 


. Aftercure time 
(at final temperature) 
. Aftercure temperature 
(final temperature) 


nate strength in general. The second value is equal to (log 
strengths 9° — log strength,;) and indicated whether 
the variable’s effect was independent of test tempera- 
ture. 

In the figures, “main effects” revealed by mean 
strengths are shown in Figs. la, 1b, 1c, and 1d; “main 
effects” indicated in strength retention data are given 
in Figs. 2a and 2b. The variables between which inter- 
actions occurred are shown in Figs. 3 and 4. In Figs. 3a, 
3b, 3c, 3d and 3e, these nonadditive effects are repre- 
sented by mean strengths; in Figs. 4a, 4b, 4c, 4d, 4e, 4f, 
4g and 4h, interactions are represented in terms of 
laminate strength retained at 500°F. 


Determining Resin Content 


Table II shows the average resin content correspond- 
ing to each level where the variable was significant in 
determining resin content. 


SUMMARY OF RESULTS 


On the basis of the analysis of the experiment, a num- 
ber of generalizations were made. These generaliza- 
tions, treated in detail in the discussion section, are’ 
summarized as follows: 

1. In general, completeness of cure was the most im- 
portant factor in determining over-all laminate strength 
Optimum conditions for each of the cure steps—precure, 
lamination and postcure—were interdependent. Press 
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temperature during lamination was the most important 
single variable. At the recommended temperature 
F), nonadditive relationships with other variables 
were at a minimum; however, better strengths appear 
to be possible at higher press temperatures. Longer 
lamination periods always gave stronger laminates. In- 
creasing postcure time and temperature significantly 
increased both low and high temperature flexural 
strengths 

2. Variables important in determining gel time of the 
resin and resin flow during lamination were not im- 
portant in determining strength. 

3. Increased resin flow appeared to contribute sig- 
nificantly to the strength retention of laminates when 
tested at 500°F. 

4. Variables which were significant in determining 
resin content were not significant in determining lami- 
nate strength. 

5. Increasing the number of plies in a laminate de- 
creased the ultimate flexural strength in pounds per 
square inch. 

6. Manufacturing source of glass fabric did not appear 
to affect the strength significantly, but certain uncon- 
trolled variables did not permit a proper assessment of 
this effect. 

7. At the 95°; confidence level, a 25°7 difference in 
strength was required to make the difference between 
two laminates statistically significant. 


DISCUSSION AND CONCLUSIONS 


It should be noted that the values shown in Table 
II are average strengths for all laminates that represent 
a particular level of any variable. The low numerical 
magnitude of these values reflects the fact that certain 
combinations gave very poor laminates. Use of appro- 
priate conditions allowed the preparation of laminates 
from the commercial laminating resin having a strength 


exceeding 40,000 and 16,000 psi at room temperature 
and 500°F, respectively. 


Cure Variables 


Completeness of cure was the most important factor 
in determining over-all laminate strength. Significant 
“main effects” which determined combined low- and 
high-temperature laminate strengths were found in the 
laminating temperature, postcure temperature and press 
time—all cure variables—and the best strength was in- 
variably associated with the highest level of each vari- 
able. 

Polymerization of the fluid resins is advanced in three 
distinct stages. Stage I (precure) is carried out at mod- 
erate temperatures (210-240°F) for short times; stage 
II (lamination) is carried out between (300-390°F) un- 
der pressure; stage III is carried out at higher tempera- 
ture, up to 500°F for 1 or 2 days. 

These three stages are not independent insofar as the 
strength retention of the finished laminate is concerned. 
Figure 4d illustrates that the optimum cure temperature 
for stage II depended on how far the polymerization 
was advanced (as determined by precure time) in stage 
I. In Fig 4c, it is evident that the best temperature for 
stage III depends on the temperature in stage II, al- 
though, in general, a 500°F postcure was preferred. 
Thus, for a laminate to have the best possible strength 
retention, it was necessary that the cure conditions se- 
lected for any stage be chosen on the basis of the cure 
conditions for the previous polymerization stages. Even 
though only the laminating temperature was inde- 
pendently significant, the nonadditive nature of the re- 
lationship of laminating temperature with the other 
cure variables with regard to the strength of the lami- 
nates is statistically significant 

Press temperature was shown in the analysis of the 
experiment for “main effects” to be the most imvortant 
variable within the limits of the level studied. The im- 
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Figure 3. Significant interactions—Combined room tem- 


perature and 500°F flexural strengths. 
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provement in laminate strength at both high and low 
temperatures by increasing the laminating temperature 
through the range studied in the experiment—300, 330, 
360, 390°—was shown to be significant, suggesting that 
347°F (manufacturers’ recommendation) may not nec- 
essarily be the best press temperature. A possible ex- 
planation for the acceptance of 347°F as the optimum 
laminating temperature may be found on examining 
the numerous interactions that occurred between press 
temperature and the other variables. It will be noted 
that the null point between each of the curves in Figs. 
3b, 4c, d, e, f and g lies between 320°F and 370°F. If 
347°F were used as a press temperature, importance of 
nonadditive effects with the other variables would be 
minimized. Minor changes in the various steps in pre- 
paring a laminate would lead to fewer erratic results. 

Contrary to the opinion that improved high-tempera- 
ture performance in the flexural test may be obtained 
at the expense of low-temperature performance by in- 
creasing the postcure temperature, such a treatment 
served to improve both (See Table II). 


Flow and Gel Time 


Variables which are critical in determining such 
characteristics of the resin system as gel time and flow 
did not significantly affect the flexural strength of the 
finished laminate independently either at room tempera- 
ture or 500°F. 

Within the limits of the experiment, no significant 
effects were found when the levels of the following 
variables were changed independently: catalyst con- 
centration between 17° below and 17% above that rec- 
ommended by the manufacturer; precure temperature 
between 210° and 240°F, and laminating pressure be- 
tween 10 and 40 psi. The three factors which appeared 
to be most important when the mean flexural strengths 
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were considered were laminating temperature, postcure 
temperature, and laminating time. None of the later 
variables concern the precure and impregnation steps 
which are effective in altering the gel time and resin 
flow of a laminate. 

The strength retention of laminates appeared to be 
closely related to variables which determine resin flow. 
For example, in Figs. 4e and 4f, the deleterious effect 
of higher laminating temperatures on strength retention 
is marked for the thinner laminates obtained either 
from a lower resin pickup or fewer plies, but by in- 
creasing the number of plies or the resin pickup, the 
effect of increased press temperature on strength reten- 
tion became small. If a thermal gradient across the 
thickness of the laminates during lamination can be 
assumed, the resin in the center of the thicker lami- 
nate would be expected to remain plastic for a longer 
time. In thinner laminates, gelation can occur so rap- 
idly throughout the entire laminate at higher tempera- 
tures that insufficient flow is obtained to give good 
strength retention. For thicker laminates, insulation of 
the outer layers permitted at least part of the resin flow 
regardless of the laminating temperature. Figure 4g 
shows that the effect of laminating temperature on 
strength retention was large for a shorter laminating 
time, yet when the press time was extended, strength 
retention became independent of laminating tempera- 
ture. Because of the plasticity of the resin, even when 
past its gel point, long laminating periods allowed suf- 
ficient resin flow to make strength retention independent 
of laminating temperature. 

A similar line of reasoning may be used to explain 
the interaction between laminating temperature and 
pressure in Fig. 4h. Greater pressures brought about 
increased resin flow and simultaneously better strength 
retention. As the laminating temperature was increased, 
thereby shortening the gel time and consequently the 
resin flow, the changes in strength retention resulting 


223 


| | 
he 
4a |__| 4c || 
- 
Pa: 
Pig 
4g 4h a 
any 
* 
4 
; 
in 


from differences in laminating pressure leveled off. 
At 390°F press temperature, strength retention was in- 
dependent of laminating pressure. 

Increased laminating temperature caused a small de- 
crease in strength retention, probably by shortening 
the gel time and decreasing the resin flow. Press tem- 
perature was the most important factor in determining 
over-all laminate strength; the loss in strength reten- 
tion which can be attributed to decreased flow is small 
in comparison with the over-all gain in strength at 
higher laminating temperatures. 


Resin Content 


An analysis of the data with regard to resin content 
of the laminates indicated that precure time and lami- 
nating pressure were the only two factors other than 
fabric which were significant in determining resin con- 
tent. The relation of resin content to these two vari- 
ables is easily explained on the basis of flow. Neither 
of these factors which were significant in determining 
resin content was significant in determining strength, 
however. This does not imply that resin content is not 
an important variable, since the experiment was not de- 
signed to include it as one of the variables. 

Resin pickup approached significance in determining 
laminate strength at room temperature, but resin pick- 
up was not a significant factor in determining resin 
content. When resin pickup is considered independent- 
ly, the effects of the other variables would be expected 
to be balanced, and a direct relationship exists between 
resin pickup and resin content. These results probably 
developed from the fact that the two levels of resin 
pickup selected were not sufficiently separated to allow 
significant differences in the results. However, it does 
suggest that resin pickup in a series of laminates might 
be varied over a fairly large range, and by the proper 
adjustment of resin flow with precure conditions and 
laminating pressure, laminates might be obtained having 
the same resin content. The strength of these laminates 
could be directly related to the resin pickup in spite of 
the fact that resin content does not change. 


Error 


From the experimental data, an error term was cal- 
culated to determine the normal variation that may be 
expected when a laminate is prepared and tested. This 
indicated that for two values of average flexural 
strength to be significantly different (95° confidence 
level), it was necessary that the values show a differ- 
ence of about 25°7. This error factor reflects the uncer- 
tainty in comparing strength values of two individually 
prepared laminates whose strengths do not differ by 
a large amount. 


PREPARATION AND TESTING OF LAMINATES 


Impregnation 


In the experiment, all laminates were prepared from 
a heat-cleaned 181 style glass cloth supplied by two 
manufacturers and a commercially available low-pres- 
sure silicone laminating resin. The resin was catalyzed 
at the level indicated in the experimental design, either 
17% more or 17% less than the amount of catalyst 


recommended by the manufacturer for the particular lot 
of resin. If the resin pickup was to be 45°, the resin, 
which contained 60% dissolved solids, was diluted 5% 
by weight with toluene; if the resin pickup was to be 
38°, the resin solution was diluted 15° with toluene. 
Glass cloth strips were hand-dipped in the resin solu- 
tion, then allowed to dry for 30 min. in moving air at 
room temperature. These impregnated strips were pre- 
cured in a circulating air oven for a period of time (4 or 
7 min.) and temperature (210° or 240°F) specified by 
the experimental design, and, after the strips were pre- 
cured, they were cut into 10-in. by 10-in. sheets. 


Lamination 


Layups, weighed and wrapped in amber cellophane, 
were laminated at the time (45 or 75 min.), temperature 
(300°, 330°, 360° or 390°F), and pressure (10, 20, 30, or 
40 psi) specified in the experimenta! design. Press 
closure cycle was held constant for all laminates. The 
press was closed in 20 sec. to the desired pressure, the 
pressure released for 5 sec., and the press again closed 
allowing 10 sec. to reach the final pressure. At the con- 
clusion of the laminating period, the platens were cooled 
to 200°F and the laminate removed. The cellophane re- 
lease film was stripped from the laminate, excess flash 
material removed, and the laminate weighed. Resin 
pickup during impregnation, resin flow during lamina- 
tion, and the resin content of the laminate were cal- 
culated from the weight of glass fabric used and the 
weight of the laminate before and after pressing. 


Postcure Cycles 


The laminates were placed in an oven at room tem- 
perature and brought to the final postcure temperature. 
These cycles are as follows: 


For 400°F Final Temperature 
2 hr. at 300°F followed by 
2 hr. at 350°F followed by 
6 hr. at 375°F followed by 
24 or 48 hr. at 400°F 


For 500°F Final Temperature 
2 hr. at 300°F followed by 
6 hr. at 425°F followed by 
24 hr. or 48 hr. at 500°F 


At the end of the postcure period, the oven was 
turned off and allowed to cool to 200°F before the lami- 
nates were removed. 


Testing 


The laminates prepared were tested in accordance 
with Federal Specification L-P-406b Method 1031-1 for 
ultimate flexural strength at room temperature and 
500°F. Ultimate strengths were determined using a 
Baldwin-Southward Universal Testing Machine with a 
Dillon Mechanical Pressure Gage. (0-500 Ib. range— 
1% scale accuracy) mounted on the loading nose shaft 
of the testing machine. 
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Pinpoint Important Process Variable with 
POLYVARIABLE EXPERIMENTATION 


Here's a simple. nonmathematical statistical system for 
determining the controlling variables in an operation. 
Whether you are trouble-shooting or trying to find opti- 
mum process conditions. polyvariable experimentation can 
save time and money where many variables are involved. 


F.E. Satterthwaite 
Statistical Engineering Institute 
D. Shainin 
Rath and Strong, Inc. 


pi 1956, several progressive engineering and 
research groups have been gaining experience 
with polyvariable experimentation; that is, experimen- 
tation in a large number of variables—10, 20, and 
more. Theory predicts that for complex investigations 
such experimentation is many times more efficient than 
classical few-variable experimentation. Experience to 
date has borne out these theoretically predicted gains. 
Why the emphasis on experimentation in many vari- 
ables? The answer is that in appropriate situations it 
does a better job with respect to the factors that are 
of controlling importance: 
(a) Information return, Theory and experience 
show that the information acquired per dollar in- 
vested in experimentation tends to increase at least 
linearly with the number of variables investigated. 
(b) Cost. Polyvariable experimentation is, in gen- 
eral, substantially less expensive, than an equally 
thorough investigation using classical few-variable 
experiments. 
(c) Risk of inadequate answers. Unless most va- 
riables that may be important are investigated, the 
risk of an inadequate answer is serious. 
(d) Administration. Polyvariable methods are 
flexible. They readily adapt to the administration, 
operating, and physical limitations that complicate 
any major investigation. 


This article is based on a paper presented at the Conference on 
Application of Statistics to Experimentation, sponsored by North- 
eastern Section of American Chemical Society. 
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(e) Time. When time is important you must inves- 
tigate all questions in parallel. This is in fact many- 
variable experimentation. It is best to plan such 
investigations by polyvariable theory. Classical few- 
variable experimentation is not adequate. 

Most of us have on occasion sat in on planning com- 
mittee meetings for experimental investigations, perhaps 
with ten experts sitting around the table. Each expert 
is invited because he has personal knowledge that may 
be important to solution of the problem at hand. Each 
expert contributes perhaps five factors that his special 
knowledge indicates may be important to the solution. 
The committee secretary now has a list of possibly 50 
factors that should be studied. However, it is practical 
to experiment on only five factors. Which five? Some- 
how they must be selected. 

Eventually the problem is solved. Was the key to 
the problem one of the five factors selected in the com- 
mittee meeting? Was it one of the 45 factors suggested 
but not investigated? Was it some factor that did not 
even come up in the committee meeting? Experience 
includes all three results. But has the percentage of 
successful results with the five selected by the com- 
mittee been a tolerable success rate for the pace of 
today’s research and engineering activity? 

Experience suggests that the planning committee 
method for selected the few important variables is not 
good enough, even when carried through with the 
greatest skill. However, there is an effective alternative 

experimentation in many variables, 10, 20, even 100. 
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The deliberate (as opposed to accidental) use of 
polyvariable experimentation in engineering and in- 
dustry is recent. To date much of this experience has 
been with a single technique, random balance. Most 
of this experience has involved “intuitional” steps in 
the analysis that may perhaps be disturbing to the 
scientific and mathematically inclined. But the point 
at issue is, “Does it Work? At least on certain classes 
of problems?” 


An Example of Random Balance Experimentation 


Successful experience with random balance experi- 
mentation, intelligently applied to a problem in plastics 
manufacturing, is reported by Spencer Chemical Com- 
pany’s sales service laboratory. They were called upon 
to solve a specification problem for a company that was 
extruding plastics pipe. The critical specification in this 
case was burst strength. Seven variables were con- 
sidered to have a possible effect on this characteristic: 
feed screw speed, feed screw temperature, plastic melt 
temperature, water bath temperature, sizing mandred, 
draw ratio and effect of reworked material. 

The first step in programing the experiment was to 
set up a table with each variable heading a column. 
In this case, 27 was thought to be a sufficient number 
of tests because of the relatively small number of vari- 
ables. The experiment was further simplified by choos- 
ing to test each variable at only three levels: high, 
medium and low. Values chosen were typical of the 
firm’s usual operations. 

The randomization entered in the establishment of 
the value of each variable for each test run. Although 
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more elaborate randomization methods could have been 
used, an easy one was to place 27 consecutively num- 
bered slips of paper in a hat and draw them out one 
at a time. 

The first nine numbers drawn were used to designate 
the test numbers for which each of the variables (e.g., 
feed screw speed) would be set at a high reading. 
Medium readings were assigned to runs corresponding 
to the next set of nine numbers drawn at random; the 
nine numbers left in the hat were for low readings. 
The process was repeated for each of the six other 
variables, and a full program filled out (thus, in this 
particular case, 189 draws determined the conditions 
for all 27 tests). 

The next step was simply to run the 27 tests right 
in the plant under the randomly selected conditions 
prescribed. The burst strength of the pipe produced 
in each run was measured and plotted in charts, show- 
ing the effect of each of the seven variables (two of 
which are shown in Fig. 1). 

The “effect curve” for draw ratio—connecting the 
mean values of each column—had a strong upward 
slope, indicating a correlation between this variable 
and burst strength. The data for the other variables 
(e.g., feed screw speed) showed little or no correlation. 

The final step, was to set tolerances on the important 
variables to keep burst strength within specifications. 
This was done after 95% confidence limits—determined 
by regular statistical methods—were added to the 
charts. In this case, the specification for minimum pipe 
burst strength was 300 psi on 95% of the product. The 
draw ratio that will insure this percentage of good pipe 
was found (see Fig. 1) at the intersection of the lower 
confidence limit and the 300-psi line. 

Similarly, a maximum tolerance could be set (at 350 
psi, for example) by using the upper confidence limit. 
Tolerances for other major variables were set in the 
same way. 


Figure 1. Graphs show variables’ 


effects, 


point to best conditions. 
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An Example of Polyvariable Experimentation 


For a “do-it-yourself” demonstration of the tech- 
nique, the data in Table II are presented. These were 
obtained from 28 experiments in 18 variables. Each 
line of Table I is the data set for a single experiment. 
Thus the first line is an experiment with variable num- 
ber I set at level 2, variable number 2 set at level D, 
variable number 3 set at level 33, etc. The output yield 
of the resulting experiment was 89% as shown in the 
last column. The second line is a separate experiment 
with an output yield of 85%. 

These are raw data. The only manipulation has been 
to arrange them in order of the output result, a yield. 
The problem is to identify the input variable which it 
is most important to control if consistently large yields 
are to be obtained. To test whether you can do this 
without further guidance, study Table II now. (If you 
read further before you make this test, you will not be 
sure that you could have solved this problem without 
help.) 

You undoubtedly spotted variable number 8, a cata- 
lyst. Every experiment using a catalyst A gives a higher 
yield than any experiment using catalysts B or C. The 
average yield for catalyst A is about 81°,, for catalysts 
B and C about 69°,. What is a percentage point im- 
provement in yield worth? $10,000 per year? $100,000 
per year? This is 12% improvement with catalyst A 
may be worth substantial money. It is clearly the most 
significant information in these data. (Note: The true 
advantage of catalyst A is a 10% yield improvement. 
The effect of other facturs misled us by 2¢;.) 

There is a second obvious conclusion to be drawn: 
note the experiment with the highest yield, 89°;. Re- 
member our problem, “What combination of variables 
should we use to obtain the highest yield?” Can we 
be far off if we use the combination that did in fact 
give this highest yield? This may not be the best com- 
bination but it cannot be far off. (Note: This is in fact 
a “best” combination. The true average yield for the 
combination is 87.5%. The unexplained variation has 
misled us by 1.5°,.) 

This second conclusion is a worthwhile improvement 
over the first. The true average yield for the first con- 
clusion is 79.5%. The second conclusion is 8‘; better, 
in some situations conceivably worth $80,000 per year 
more. 


SPE JOURNAL, March, 1959 


There is, of course, more information in these data 
than the obvious conclusions. The statistician with ex- 
perience in polyvariable analysis will show convincingly 
that variable 12, a temperature, has an important effect. 
How? Suppose the 18 experiments using catalysts B 
and C had in fact used catalyst A. Their yields would 
have been about 12°; greater. Making this adjustment 
to the data, we obtain the plot in Fig. 1. This graphically 
shows that the best temperature is near 80°, the ex- 

and 90°, should be avoided. 
temperature variable 12 using 


treme temperatures, 60 
The true relation for 
catalyst A is in fact: 

Temperature 60° 65° 70° 75° 80° 85° 90 

Average Yield 75 77 80 83 85 80 75 

The statistician would probably also suspect that 
variable 16, a purity, has a real effect (it does). There 
would probably be two or three other variables about 
which he would be equally suspicious (but no other 
variables have any effect). 

His important conclusion, however, would be that 
about a +5% yield variation is due to causes other than 
variable 8, catalyst, and variable 12, temperature. He 
would also state that about half the undefined variation 
is due to variables not identified in the present data. 
To determine reliably the causes of this residual varia- 
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Figure 2. Relationship showing the dependence of yield 
on temperature variable (12). 
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tion additional data would be necessary, including addi- 
tional variables. The present data do, of course, give 
much information for planning the additional experi- 
ments so that they will give the greatest possible in- 
formation return. 


Randomization 


You say that things cannot be this simple, that you 
have been fooled by data just as obvious as these. This is 
correct. However, it should be remembered that this set 
of 28 experiments was planned in a special way. The 
choice of each variable value for each experiment was 
taken from a table of random numbers. Of course the 
effect of one variable confuses the interpretation of 
another variable. But unlike the confusion introduced 
by arbitrary relationships among variables, the confu- 
sion introduced by random relationships is mathemati- 
cally defined and strictly limited. With 28 experiments 
the confusion averages out, so that the remaining con- 
fusion is not serious. The risk of an important misin- 
terpretation is small. 


Conduct Your Own Polyvariable Experiment 


The acid test, of course, is to try polyvariable ex- 
perimentation on a real problem in your own operations. 
This will no longer be playing games with synthetic 
data. It will be real data that costs real dollars. You 
will be looking for useful new knowledge that will 
return those dollars to you with substantial profit. 

Appendix A outlines the rules for a trial random 
balance experiment. These are over-simplified and will 
in many applications be inadequate. Experience has 
shown that they are relatively safe for well administered 
experiments and will usually make the important re- 
sults obvious. 

Strict attention must be paid to instruction A, “Selec- 
tion of the Problem.” You will still be playing games 
with unimportant data unless the potential savings are 
worthwhile. Do not let the experiment bog down from 
administrative headaches. There must be at least 10 
variables easily controlled at values you specify. You 
will not want to wait a year for results. Be sure at 
least 30 data sets can be collected in about two weeks. 
Follow up to be sure you get them within the specified 
time. Do not spend a lot of money. This is only an 
exploratory study. You may have to sacrifice some 
variables you think important to meet these require- 
ments. Do so. The important point is to include a lot 
of variables obtained relatively easily and inexpensively. 
If you include enough allegedly “unimportant” varia- 
bles, something interesting and valuable is very likely 
to turn up. Remember that no one has bothered to 
study the “unimportant” variables before. 


Why Polyvariable Experimentation Works 


Polyvariable experimentation greatly increases the 
odds that the information necessary to solve your prob- 
lem will actually exist in the data. If a factor is held 
constant in the experiments, the data contain zero 
information regarding the effect of varying that factor. 
If a factor held constant is in fact important to the 
solution, the experiments will surely fail to solve the 
problem. If you only knew the few factors most im- 


portant to the solution, you would have no trouble, 
but you usually cannot know what are the important 
factors to investigate. A real problem of long standing 
is almost certain to be solved by a factor (variable) 
that is alleged to be unimportant. The factors thought 
to be important will have been investigated one or 
more times before with negative results. 

If you accept the premise that the solution may be 
a factor (variable) that appears unimportant, you are 
forced to a polyvariable approach. Let us assure a list 
of 50 such “unimportant” factors with no reliable in- 
formation to choose among them. A single variable 
experiment has a 2% chance of including the right 
variable. A five variable experiment has only a 10% 
chance of including the right variable. A 25 variable 
experiment has a 50% chance of including the right 
variable. The only way to improve your odds is to 
include more “unimportant” variables. 

In practice the odds against you are often much more 
serious than the above. Most problems have one most 
important variable and spotting this is almost always a 
help. Generally, there are a few variables (one to five) 
which are necessary to understand for a satisfactory 
solution. We must spot a specific combination of two 
or more variables to solve the problem well. 

Let us assume the solution lies in a specific combi- 
nation of only two variables from among 50 possible 
variables. You have no chance of getting the answer 
if only one variable is investigated. If only two variables 
are investigated, you have one chance in 1225 that the 
correct two will be selected the first time. For even 
odds for a successful experiment you must investigate 
35 out of the 50 possible variables. 

For a complex problem whose solution requires find- 
ing the right combination of three variables, what per- 
centage of the candidate variables must be included 
in the experiment for 50-50 odds of success? The cen- 
ter column of Table II gives the answer—79%. If you 
need the right combination of 10 variables, you must 
experiment in 93.3°, of the candidate variables. Table 
II also gives the percentages of the candidate variables 
that you must include for a 25% chance of success and 
for a 75°; chance. 


Elementary Applications 


Much of the experience to date with polyvariable 
experimentation has been in the areas of inexpensive 
data and very simple (usually graphical) analysis meth- 
ods. These areas have been dominated by trouble-shoot- 
ing, process optimization, and tolerance optimization 
problems, with the data collected on the factory floor. 
“Scattershot” laboratory investigations have also been 
quite successful. An example of this is the development 
of an adhesive by a large user who wanted to make 
his own. Many formulations resulted which were su- 
perior in performance and lower in cost. “Unimportant” 
variables did, of course, turn out to be important. The 
experience of Spencer Chemical Company is typical 
of most of the experience to date. 

In this type of application (inexpensive data, simple 
analysis), there are almost no technical problems to 
the widespread use of polyvariable experiments of the 
random balance type. Technical personnel do, how- 
ever, generally underestimate the psychological, educa- 
tional, and administrative problems. They may be com- 
pletely frustrated by the inertia, the unwillingness to 
change, the million and one excuses as to why the 
operation cannot be done. If rapid progress is to be 
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made, it is almost necessary that the program be under 
the full time direction of an industrial or management 
engineer who makes a profession of the art of making 
things work when human beings are a key factor. 


Advanced Applications 


The pressure has been building up, primarily from 
and within large research organizations, for sophisti- 
cated use of polyvariable methods with expensive data, 
with electronic computation, and in fundamental re- 
search. A recent request was for the study of 14 varia- 
bles with only 10 data sets where the experimentation 
would cost over $1,000,000 and take three years to com- 
plete. The methods outlined in Appendix A are not 
sufficiently efficient or objective for such investigations. 

This pressure has caused a number of individuals to 
study the fundamental mathematical problems of poly- 
variable analysis. The first public presentation of re- 
sults was at the 1958 annual meeting of the Institute of 
Mathematical Statistics, which had a session of invited 
papers on these problems. 

A paper by Professor J. Kiefer (Annals of Mathe- 
matical Statistics, September 1958) entitled “On the 
Nonrandomized Optimality and Randomized Nonopti- 
mality of Symmetrical Designs” is of great mathematical 
significance. Professor Kiefer shows that random de- 
signs can always be found which are more efficient 
than the classical fixed designs such as full factorials, 
Latin squares, etc. 

Mathematical progress is encouraging. The classical 
statistical principles for analysis of few variable data 


have been found to generalize to polyvariable data 
without loss of optimum properties. (This extension of 
multiple regression analysis is called polygression 
analysis.) The bigression analysis technique discussed 
in the present paper has many computational advantages 
and is ideally suited to optimum utilization of pertinent 
and reliable prior information. (Polyvariable investiga- 
tions can quickly become so complex that computational 
problems cannot be ignored even with large scale com- 
putors.) Quadratic estimation of parameters (as op- 
posed to linear regression estimates) is a completely 
new attack on the problem of “best” (most precise 
and accurate) estimates. Empirical (Monte Carlo) 
studies indicate that quadratic estimates are probably 
almost always better (and often substantially better) 
than the “best” classical linear estimates. The reasons 
why this should be so are only beginning to be under- 
stood. 

These more advanced methods of polyvariable analy- 
sis are not limited to experiments planned by the ran- 
dom balance principle. They are applicable to un- 
planned data and to experimental data planned by any 
of the classical design principles: factorial, fractional 
factorial, response surface, etc. 

If your ogranization is sufficiently large, your investi- 
gations sufficiently complex, and your projects suffi- 
ciently important, you should consider getting started 
in these advanced polyvariable methods as soon as 
possible. In any case, electronic computation cannot be 
used except incidentally without the advanced methods. 
The computor does not think and cannot use methods 
such as outlined in Appendix A. 


TABLE II 


Sample Polyvariable Data 


28 data sets. 18 input variables. One output yield. 


Data sets arranged in order of output yield. 


Input Variable Number 


APPENDIX A 


Rules for Trial Random Balance 
Experiment 


A. Select the Problem for Random 

Balance Trial. 

(1) Potential savings worthwhile. 

(2) At least 10 variables under 
your control. 

(3) At least 30 data sets can be 
obtained quickly at nominal 
cost. 


B. Design the Experiment. 


~ 


12 


~ 
+ 
~ 
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(1) List variables. 


80 
75 
75 
85 
70 
75 
70 
90 
70 
60 
80 
80 
85 
75 
85 
70 
65 
80 
65 
65 
70 
85 
90 
60 
90 
60 
60 
90 


70 
90 
80 
70 
80 
90 
80 
60 
80 
90 
80 
70 
90 
90 
80 
70 
70 
90 
60 
60 
70 
50 
50 
99 
60 
90 
80 
80 


OF 
ANN] & 
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NON SKK ONSUKODW NOK 


(2) Select at least three values 
for each variable: H = high 
value, M-=medium value, 
L = low value. 

The difference between the 
H and L values should be at 
least five times the measure- 
ment error for that variable. 
For each data set (i.e., each 
experiment), select H, M, or 
L values for each variable in- 
dependently at random. (See 
Exhibit D for a Random Num- 
ber Table and an example 
showing how to use it.) 

C. Run the Experiments. 

(1) Omit any experiments that 
have impossible (impractical) 
variable combinations. 

(2) Record one or more response 
variables (yield, purity, 
strength, etc.) for each ex- 
periment. 


SPE JOURNAL, March, 1959 


7 
| 
99 89 
85 
97 84 
97 83 
99 82 
90 81 
90 80 
99 77 
90 77 
95 76 
90 75 
93 74 = 
. 98 74 = 
90 72 
99 71 
98 71 te 
99 71 ge 
90 71 ae 
98 69 
97 69 3 i 
95 69 
97 68 
98 67 
93 66 
93 65 
95 64 
95 63 ie 
93 63 
229 


(3) Up to five exact duplicate 
experiments are often desir- 
able. These measure your ex- 
perimental ability to repro- 
duce results exactly. (The five 
duplicates should be selected variables 
at random from the total list that must 
and run at random times.) be 

D. Analyze the Results. selected 

(1) Arrange the data in order correctly 
with respect to each response 
as in Table I. (Make a sepa- 
rate table for each response 
variable.) 

Examine this table for any 
non-random patterns of the 
input variables. 

Plot, as in Fig. 1, the response 
against input for any varia- 
bles that appear non-random 
in (2). 

(4) Interpret the physical and 
economic significance of any 
plots that give sharp indica- 
tions of real effects. 

(5) Pay particular attention to 
the one or few experiments 
with the best output results. 

(6) Trust only obvious interpre- 
tations unless you have guid- 8 | 9-12 | 13-16] 17-20 25-28 33 
ance from a statistician ex- 7 a 
analysis 85] 22 20| 13 01] 73 96 84 50 59 | 96 

E. Confirm the Interpretations. 3 15} 82 66 14 26 17 80 40 

(1) Important interpretations may 18] 35 48 48 81 26 99 08 
be confirmed by additional 18] 03 42] 86 85 74 86 45 ! 13 
experiments using classical 31} 55 88 10 30 8 
few variable experimental de- = 27 73 92 

— 64] 72 96] 46 57] 89 67 94 56 18 
2a) Additional information, as 
obtained by a second random 42] 56 48 45 02 01 78 | 65 76 
balance design. 45] 68 16 66 13 95 76 67 
(2b) Variables with clear effects 32] 38 37 47 82 19 50 35 
in the first analysis should be 35] 47 90 31 03 38 70 64 
held near their best values. 3 68] 80 14 23 88 82 39 48 
effect in the first analysis 64] 25 16 97 31 24 48 42 
should, if practical, be varied 
over wider range (up to 89 81 03 67 34 | 86 
double the range is conserva- gs} 35 12 83 88 39 71 62 


tive). 49] 64 51 80 50 00 91 40 of 


(2d) Run extra experiments at the 32 391 46 56 42 21 18 57 20 46 


input variable values which wis wa 
gave the best responses in the 
first analysis. Run fewer (but 
not zero) experiments at the 
input variable values which 
gave poor responses in the 
first analysis. 

(2e) Include additional variables 


TABLE Ill 
Odds that Selection Includes Right Variables: 
Number of 


lin3 Even 3tol 


Percentage of candidate variables that must 
be included in the experiment 
(number of candidates large) 


APPENDIX B 


Random Numbers 


Example. It is desired to distribute 4 A’s, 7 B’s, 5 C’s at random to experiments 
numbered from 1 to 16. _‘ First, pick at starting point in the random number table at ran- 
dom. Such a starting point might be: row 11, column 29-30. Number = 78. 

Next read two digit numbers in any direction. If, for example, we read to the right, we 
have 

78, 86, 37, 26, 85, 48, 39, 45, 69, ... 
In reading these numbers write down the first four numbers between 01 and 16. These 
are 11, 02, 01, 06. The four A’s should be assigned to the four experiments with these 
numbers: 


that may be practical at this 
time. This is particularly im- 
portant if your exact dupli- 
cate experiments did not give 
good reproduction of the re- 
sponses. There is then an im- 
portant variable unidentified 
in the first set of experiments. 


x * * 


1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

A A A A 
Continuing to read the random number table the next seven numbers between 01 and 
16 are: 16, 13, (01), 14, (14), 03, (16), (01), (14), 15, (01), (01), (03), (11), 10, (10), 

(06), 08. 

(Duplicates, of course, are skipped.) The seven B’s are assigned to the experiments 
with these numbers: 

4 ©. F 9 10 #11 12 13 14 15 16 

A A B A B B A B B B B 
The five C's are now, of course, assigned to the remaining 5 experiments. 
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static dissipating styrene molding powder 


LUSTREX 


Translate this test into new production economies and sales advantages: 


3. Result! Dust pattern on standard 
tray corresponds to static electric 
charge. Tray of Lustrex Lo-Stat is prac- 
tically clean. The little charcoal re- 
maining is easily tapped off. 


Think what Lustrex Lo-Stat can mean in keeping housewares clean and appealing, 
how much longer signs, displays and packages will stay attractive. Air conditioner and 
fan grills are other moldings that will be improved. There are dozens of jobs that 
Lustrex Lo-Stat dust-resistant styrene can do better. And production economies include 
the elimination of spraying and bathing; open storage and simplified handling. Lustrex 
Lo-Stat is in full production. Send for a trial quantity now along with complete techni- 
cal data. Monsanto Chemical Company, Plastics Division, Rm. 1122, Springfield 2, Mass. 
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PRODEX 
EXTRUSION and 
COMPOUNDING 

SYSTEMS 


the last word in Plastics 
Extrusion Technology. 


VENT FOR 

DEVOLATILIZING 

is 


SS; = 


wave ror, 


Nk 


IG EXTRUSION 


Designed for easier, more 
automatic operation and 


for faster capital return. 


CORPORATION 


FORDS, NEW JERSEY Hillcrest 2- -2800 
Manufacturers of Process and Extrusion Machinery : 
CANADA. Bor J & Assaciotes, 1912 Avenud Beod, ferente 12, Concde BULLETIN E-3 
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Edited by B. H. Maddock 
Union Carbide Plastics Co. 


SPEAKING of EXTRUSION — 


Extrusion of Polyethylene Film 


with Controlled Properties 


W.A. Haine and H.B. Robinson 
Union Carbide Plastics Co. 
Development Department 


HE QUALITY or usefulness of 
a product can be enhanced or 
reduced depending on the degree of 
consideration given to each phase of 
its manufacture. Thus, to adequately 
define the quality of a product, it is 
necessary to trace its history from 
the raw material stage to the fin- 
ished application. A polyethylene 
film package, for example, exists as 
a result of purified raw materials 
being changed into a resin; a con- 
verter extruding this resin into film; 
the possible printing of this film; 
and finally the fabrication of the 
printed film into a bag. The care 
and technology injected into each 
of these steps represents a direct 
measure of the ultimate quality and 
usefulness of the packaging unit. 
And, the more thoroughly the fac- 
tors affecting these production stages 
are investigated and optimum con- 
ditions applied, the better will be the 
specific characteristics of the final 
product. With these thoughts in mind 
Union Carbide Plastics Co. has in- 
vestigated several important extru- 
sion variables that affect the proper- 
ties of polyethylene film produced 
by the flat film extrusion process. 
The results of these studies form 
the basis of this paper. 
As new fields of application for 
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polyethylene film arrive on the 
scene, the physical, optical, or per- 
meability properties required for 
one application may differ from the 
specifications for film to be used in 
another application. For example, 
the best optical properties are sought 
for film that is to be used for the 
packaging of retail goods. On the 
other hand, strength properties are 
of paramount importance when the 
film is to be used for heavy duty 
applications such as industrial con- 
tainer liners or agricultural appli- 
cations. One method of fulfilling a 
customer’s need for particular film 
properties is to engineer such speci- 
fications into the film. This can 
be accomplished by utilizing the in- 
herent resin properties in conjunc- 
tion with the proper fabricating 
(extrusion) conditions. 

Changes in extrusion conditions 
produce corresponding changes in 
the film. However, these variable 
conditions can be controlled, and 
with the proper combination of con- 
trolled conditions, a film of optimum 
clarity may be produced. A different 
set of controlled conditions may be 
used to produce a film with opti- 
mum strength characteristics. 

This paper discusses some of the 
extrusion variables, and their ef- 


inter-relationship, from 
the standpoint of producing flat 
polyethylene film with controlled 
properties. For instance, how would 
an increase in compound tempera- 
ture affect the strength properties 
of extruded film? Or, what would 
be the dual effect on extruded film 
if the compound temperature were 
reduced and the extrusion rate in- 
creased? The answers to these and 
similar questions will be made ap- 
parent by the subsequent discussion. 


fects and 


Variables Studied 


The fabrication of polyethylene 
film by extrusion consists of forcing 
molten resin through an _ orifice, 
drawing the resin sufficiently to 
yield a film of desired thickness, and 
then cooling it. While sounding very 
simple, this process is actually a 
highly complex, non-linear, rheo- 
logical system. It involves the funda- 
mental resin properties of molecular 
weight and molecular weight distri- 
bution, and the physical factors of 
stress, strain, time, and temperature, 
which are present during the draw- 
ing operation. Here, we are mainly 
concerned with these physical fac- 
tors, or extrusion variables, which 
affect the rheological behavior of 
the resin during its formation into 
film. The extrusion variables in- 
vestigated were those of compound 
temperature, film speed (or extru- 
sion rate), Graw distance (die lips 
to water), and water bath tempera- 
ture. (See Fig. 1). Testing was per- 
formed over the following variable 
ranges: 

1. Compound Temperature: 215°C 

and 230°C. 

2. Film Speed: 60, 80, and 120 fpm. 

3. Draw Distance: 1”, 2”, 3”, and 

4. Water Bath Temperature: 40°, 

50°, 60°, and 70°C. 

Two polyethylene materials were 
employed, both resins having a melt 
index in the range of 1.7-2.4 and a 
density of 0.92. The extruder con- 
ditions listed in Table I were used 
to provide the desired compound 
temperatures and extrusion rates. 
It should be noted that both com- 
pound temperatures were measured 
at a screw speed of 28 rpm by wrap- 
ping molten polyethylene around 
the bulb of a thermometer. It is 
expected that the actual tempera- 
tures at 18 rpm and 42 rpm with 
the same barrel and die control set- 
tings would differ slightly due to 
the variation in dwell time of the 
resin in the extruder, This simplifi- 
cation may have altered the actual 
numerical values of the data 
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Optical Properties 


Compound Temperature — Film 
haze decreases and gloss increases 
when the compound temperature is 
changed from 215°C to 230°C (see 
Figs. 2 and 3). The effect on optical 
properties of varying the compound 
within this range is 


temperature 

PY relatively minor. As the tempera- 

ay ture level is reduced the change in 

clarity for a given temperature 
change increases. Also, the better 

the optical quality of the resin, the 

Ki less will be the over-all effect of 


compound temperature. 

Film Speed—Haze increases and 
gloss decreases with increasing film 
speeds, if a constant draw distance 
is maintained (see Figs. 2 and 3). 

Draw Distance—Haze decreases 
with increasing draw distance until 
a minimum (which varies with film 


~ 
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Figure 2. Effect of stretch distance on optical properties. 


™ 


Figure 1. Schematic diagram of the flat film process. 


speed) is reached. Then, haze may 
increase 1° to 2“ due to the slower 
air cooling that has started prior to 
the entrance of the film into the 
water bath (see Figs. 2 and 3). 
These Figures also show that film 
gloss increases with increasing draw 
distance. 

Water Bath Temperature—The 
water bath temperature has no ap- 
preciable effect on film by haze or 
gloss when varied from 40°C to 70°C 
(see Fig. 4) 


Mechanical Properties 


Compound Temperature—Raising 
the compound temperature appears 
to be the best means of improving 
the strength properties of film made 
at high extrusion rates. Compound 
temperature increases give results 
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Figure 3. Effect of stretch distance on optical properties. 


similar to those realized by increas- 
ing the stretch distance at con- 

stant temperature, consequently, the 

stretch distance must be reduced to 

maintain constant film properties. 

The distance for optimum impact 

strength is also reduced (see Figs. 

5 and 8). 

Film Speed—Tensile strength in- 
creases as film speed is increased. 
Constant elongation may be main- 
tained at increased film speeds by J 
a corresponding increase in draw 
distance (see Fig. 9). 

Draw Distance—At constant film 
speed, tensile strength decreases ° 
with increasing draw distance (see 
Fig. 9). Elongation increases with 
draw distance until a maximum is 
reached (varies with film speed), 
after which it may decrease (see 
Fig. 9). Constant tensile strength 
and elongation can be maintained at 
increasing draw distances as film 
speed is also increased (see Fig. 9). 
The impact strength of a film is a 
function of tensile strength, elonga- 
tion, and apparent modulus Since 
both the tensile strength and the 
elongation change with draw dis- 
tance, there is an optimum combi- 
nation that produces the maximum 
impact strength (see Figs. 5 and 8). 
Adequate performance requirements 
appear to be 3,000 psi in the ma- 
chine direction and approximately 
350°, elongation. 

Water Bath Temperature—Ten- 
sile strength decreases with increas- 
ing bath temperature. On the other 
hand, elongation passes through a 
minimum and then increases with 
increasing bath temperature. The 
location of this minimum point is 
affected by film speed (see Fig. 7). 
The impact strength is generally 
improved by reducing the bath tem- 
perature (see Fig. 6). ° 


Discussion of Results 


This detailed evaluation of the 
effect of extrusion variables on film 
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properties shows that compound 
temperature, film speed, draw dis- 
tance, and water bath temperature 
are very closely related. The selec- 
tion of the proper combination of 
extrusion conditions based on these 
four variables will yield a flat film 
with controlled impact strength or 
clarity. 

The film tensile properties of 3,000 
psi (machine direction), 350°, elon- 
gation (machine direction), and low 
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Figure 4. Effect of water bath temperature on optical 
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apparent modulus appear to be es- 
sential for the production of a high 
impact strength flat film. Due to 
effect on the apparent tensile modu- 
lus of the film, the elongation in the 
machine direction is very important. 
A reduction in the residual elonga- 
tion of the film raises the apparent 
modulus, and this has a detrimental 
effect on the impact strength. Con- 
ceivably, carried to extremes, this 
increase in apparent modulus due 
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Figure 8. Effect 
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to orientation could overcome the 
beneficial effects of a low resin 
density. Flat film having a bag drop 
strength in excess of ten feet has 
been produced under the optimum 
extrusion conditions reported herein. 

From the standpoint of film 
clarity, draw distance is the most 
sensitive extrusion condition. Com- 
pound temperature, film speed, and 
water bath temperature are sec- 
ondary variables with a reduced 


Figure 5. Effect of stretch distance on bag drop height. 
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effect on clarity over the range of 
conditions tested. This concept dif- 
fers somewhat from the presently 
accepted idea that the water bath 
temperature is the most effective 
variable relating to film clarity. The 
effect of all extrusion variables on 
clarity is also greatly affected by 
the clarity characteristics of the base 
resin. For example, the lower the 
haze level of the resin, the less will 
be the effect of the extrusion con- 
ditions on that resin. 

A critical examination of the 
trends indicated in this film data 
raises the question of the desirability 
of high linear film speeds for quality 
film production. As the film speeds 
increase, the extrusion conditions 
that are necessary to produce high 
quality film rapidly diverge from 
those which are desirable for good 
economical extrusion 
There are also limitations to the 
amount of change that can be made 
in some of the extrusion variables 


operation. 


18 rpm 
28 rpm 
to compensate for the increased 42 rpm 
speed. For example, long stretch 
distances caused heavy end beads 
which cannot be eliminated without 
causing continual edge tears. Pres- 


Barrel Temperature Zone 


TABLE | 
Extruder Conditions 


Compound Temperature at 28 rpm, °C 
Screw Inlet Temperature, °C 
Screw Outlet Temperature, °C 
Die Temperatures Zone 


1, 
Zone 2, 
Zone 3, 
Zone 4, 
Zone 5, 

1, 
Zone 2, 
Zone 3, 

4, 


Zone 
Head, °C 


Die Opening—Nominal 0.020”, set cold, adjusted to give 1.5 mil film when 
operating at 28 rpm screw speed and 215°C compound temperature. Screens 
20-60-100-20. ‘ 
Screw Speeds 


Output—lbs./hr. 


1.5 mil film at 60 fpm 105 
1.5 mil film at 80 fpm 165 
1.5 mil film at 120 fpm 250 


Equipment—4!4” extruder—L/D-20/1—4:1 compression ratio serew—Con- 
stant pitch, decreasing depth, with constant depth metering section, fully 
cored for cooling. Die—60”, 5 zone control. 


ently, a film speed of 80 feet per 
minute appears to offer the greatest 
possibilities for matching optimum 
extrusion conditions, from the pro- 
duction viewpoint, with those con- 
ditions that produce the most de- 
siralle commercial film properties. 

Actually, the entire area of high 
film speeds (150 fpm and upward) 
generally merits special considera- 
tion. This is also true of other fac- 
tors such as the effect of die opening. 
molecular weight and molecular 
weight distribution, and_ basically 
different polyethylene resins, all of 
which are outside of the scope of 


this paper 
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Figure 9. Effect of stretch distance on film tensile proper- 


ties. 


SPE Memorial Scholarship in Plastics Engineering 


A grant of $200 is being made by SPE in memory of 
William H. Dunnican for a one year junior scholarship 
fund in Plastics Engineering at Lowell Technological 
Institute, Lowell, Mass. 

This program will include the chemistry of plastics, 
engineering of plastics, and the technology of plastics 
machinery. A plastics laboratory, well equipped with 
extruders, injection molding machines, presses and 
other equipment will be available to students. 

Dean of Students Richard W. Ivers suggests that 
application be made to the Director of Admissions, 
Lowell Technological Institute, Lowell, Mass. 

Mr. Dunnican, in whose honor this scholarship is 
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being made, was an active member of SPE. As a pioneer 
in the Society he was one of the originators of the SPE 
Constitution and contributed generously and tirelessly 
to the Society’s cause. In his effort to expand the ac- 
tivities of SPE he helped to form several Sections, and 
was a Director of the Newark Section at one time. 

SPE is proud to contribute toward the furthering of 
a student’s career in plastics engineering. It recognizes 
the continuing need for these engineers as the increased 
plastics production has made a steady demand in this 
industry. 


* * 
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POLYETHYLENE 


A series for plastics and patkagitig executives by the makers of PETROTHENE® polyethylene resins 


Packaging Notes 
New bread-wrap material is a sulphite- 
base sheet with an inner coating of 
polyethylene. The outer surface has a 
. high gioss finish coating. The extruded 


poly inner surface provides an excellent 
air-moisture barrier. The sheet with- 
stands the relatively high temperatures 
of wrapping hot bread and reportedly 
performs well on existing wrapping 
machinery. 


Amber polyethylene containers are now 
being used to market photographic and 
other light-sensitive materials, accord- 
ing to a recent announcement. Light- 
weight, unbreakable and chemically 
inert, the containers provide light pro- 
tection but still allow the user to see the 
level of the contents. Polyethylene’s 
flexibility is said to be another advan- 
tage: Air can be removed and oxidation 
of the contents prevented by squeezing 
the bottle and replacing the cap to form 
a vacuum container. 


Poly film and poly-coated corrugated 
board are combined in a new type of 
package. The packaged item is encased 
by vacuum-forming in tight fitting film 
which is bonded to the mounting board. 
The board is folded along scored lines 
and inserted into an outer sleeve of cor- 
rugated board for shipping. The method 
is said to be suitable for a wide variety 
of packaging applications, ranging 
from costly, fragile industrial parts to 
volume-marketed consumer products. 


A new adhesive for laminating polyethyl- 
ene to burlap and other fabrics has 
been developed. It is expected to be help- 
ful to bag makers and shoe manufac- 
turers seeking to laminate polyethylene 
with a wet adhesive instead of heat 
sealing. The adhesive is said to be par- 
e ticularly useful in the manufacture of 
bags used for fertilizer and feeds. 


Machine which sets up tuck lid, poly- 
coated, bleached sulfate boxes and trays 
reportedly can produce up to 3000 units 
per hour. The machine heat-seals the 
box corners on the inside, leaving the 
exterior smooth and flat. Boxes and 
trays made by the machine are being 
used to package frozen foods, bakery 
products, candy, fresh foods and indus- 
trial parts. 


A new polyethylene bottle with a rotat- 
ing sleeve, also of polyethylene, has 
been designed to solve the problem of 
labeling. A horizontal channel for the 
sleeve is molded around the outside of 
the bottle. A paper label can be inserted 
in a vertical opening in the sleeve which 
is then rotated to cover the label. Inside 


af the channel and protected by the sleeve, 
the label cannot fall off or be damaged 
by splashing liquids. 


control than previously. 


U.S.I.’s_ new polyethylene resin compounding 
plant at Tuscola, Ill, will handle 25 million 
pounds of resin a year. 


“Booklet Lists U.S.1. Resins 
For Wire, Cable Industry 


U.S.I. has issued a four-page booklet 
classifying the special physical and elec- 
trical properties of PETROTHENE poly- 
ethylene resins. The booklet lists resins 
by application, essential properties, and 
industry specifications. Copies may be 
obtained by writing to Editor, U.S.IL. 
Polyethylene News, U.S. Industrial 
Chemicals Co., 99 Park Avenue, New 
York 16, N. Y. 
| 


To Show Cast Film 


| at Packaging Show 


Ultra-clear cast film, printed film 
and other special packaging films 
will be featured in U.S.1.’s exhibit 
at the 28th AMA National Packag- 
ing Show in the Chicago Interna- 
tional Amphitheatre, April 13-16. A 
team of technical service engineers 
will also be on hand at the U.S.I. 
booth (booth No. 1133-1135) to 
answer questions on packaging ap- 
plications of films made from PETRO- 
THENE polyethylene resins. 


U.S.1. Starts Up New Plant at Tuscola 
For Compounding Petrothene Resins 


To Process 25 Million Lbs. of Resin Per Year 


A new plant for compounding polyethylene resins with carbon black and 
other additives has been opened by U.S.I. at its petrochemical complex 
at Tuscola, Ill. The plant, which will handle 25 million pounds of resin a 
year, enables U.S.I. to assure its resin customers of even higher quality 


In polyethylene pipe and electrical 
applications, the care with which carbon 
black is compounded with the resin has 
an important effect on the weather 
resistance of the finished product. 

Weather resistance of a polyethylene 
compound depends on three factors: 
(1) type and particle size of carbon 
black; (2) percentage of carbon black 
in the compound; (3) dispersion of the 
carbon black in the compound. 

Dispersion is particularly important. 
Tests show that good dispersion will 
enable polyethylene to withstand 15 to 
20 times as much exposure as polyethyl- 
ene with poorly dispersed carbon black. 

At U.S.I.’s new compounding plant, 
only the finest channel black is em- 
ployed in compounding the wire and 
cable grades of PETROTHENE resins. 
Concentration is set at a point which 
yields the optimum balance of light 
screening and other properties. Special 
processing equipment insures thorough 
dispersion. 

Users of black electrical grade poly- 
ethylene can get technical data on 
PETROTHENE resins expressly formulated 
for electrical applications by contacting 
their nearest U.S.I. office. 


Injection-Mold Poly Tanks 
With 31-Gallon Capacity 


Polyethylene tanks with a capacity of 
31 gallons are now being injection- 
molded for use as salt storage contain- 
ers for automatic water softeners. The 
100-ounce tanks are believed to be among 
the largest deep-draft parts ever pro- 
duced by the injection process. 

The poly brine tanks measure 21 
inches deep, with a maximum diameter 
of 21 inches. Designed with a two degree 
draft, they may be nested for economi- 
cal shipment and storage. The tanks 
are molded on a_ specially modified 
200-ounce injection machine which oper- 
ates on a molding cycle of better than 
20 shots per hour. The corrosion-resist- 
ant, dent-proof polyethylene tanks re- 
place galvanized steel containers for- 
merly used for this application. 
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CAST FILM PROCESS 
GIVES TOP CLARITY FILM 


Film extruders seeking yreater clarity and gloss 
should investigate the cast film process. With this 
technique, you can produce polyethylene film with 
clarity equal or superior to that of other commonly 
used transparent packaging materials. 


Casting Procedure 
Casting involves extruding a molten web of polyethyl- 
ene on a mirror-finished, water-cooled roll. Either 
standard flat-film extrusion equipment or conven- 
tional extrusion coating equipment can be modified 
for use with the new process. 

The melt is extruded through a slot die onto 
chrome-plated chilled rolls where it cools rapidly and 
solidifies. Under tension maintained by a driven 
windup roll and guide bars, the film is transferred at 
controlled speed over idler bars to a razor or score-cut 
slitter roll. The idler rolls permit further cooling be- 
fore winding; and in trimming 1/2” to 1” from the film 
edges, the slitters remove the bead from the film edge. 

Relation Between Properties and Process 
Cast film has outstanding optical properties because 
the process controls the two principal causes of hazi- 
ness in polyethylene film: surface roughness, which 
diffuses light passing through the film; and a partly 
amorphous-partly crystalline resin structure, which 
results in uneven light diffraction. 
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TO- TRANSVERSE DIRECTION 


Comparison of optical proper- 
ties (gloss & hoze) of cast film 
vs. blown film 

langle of incidence 60") 


Comparison of optical properties 


cast film vs. blown film 


The casting roll surface determines the surface char- 
acteristics of the film. Consequently, cast film has as 
smooth a surface as the highly polished rolls whose 
contour it follows. 


POLYETHYLENE 
PROCESSING TIPS 


Haze-producing crystals in the matrix of the poly- 
ethylene are held to a minimum by keeping the film 
at high temperature until it hits the chill roll. The 
more rapid the cooling rate, the fewer the crystals and 
the smaller the spherulites — and the clearer the film. 


Optimum Operating Conditions 
Efficient production rates — generally faster than con- 
ventional methods — can be achieved by a proper bal- 
ance of operating variables. 

A die setting of 10 to 20 mils is recommended. A 
lower setting produces higher gloss and a significant 
reduction in neck-in tendency, but more blocking. 
Keeping the draw-down distance between the die lip 
and chill roll to a minimum also reduces neck-in, 
thereby making it easier to attain uniform gauge. 

Excellent gauge control is possible in a range of 
film widths and in gauges from 0.5 to 4.5 mils. As 
gauge increases, a reduction in blocking occurs. 

As low a stock temperature as possible will give 
best results for blocking and neck-in properties. Since 
gloss is impaired at low stock temperatures, the min- 
imum temperature should probably be not less than 
400 F. 

A uniform “frost line” must be mainfained as the 
film is cast. This is an indication that the melt is 
solidifying uniformly, that gauge is uniform, and that 
there will be no puckering or warping of film. It is 
achieved by balancing the chill roll temperature with 
the lineal speed and gauge of the film being extruded. 

Sealing characteristics of cast film are not critical 
in either transverse or machine direction. Transverse- 
direction seals require a higher sealing temperature. 


Choice of Resin 

Lower density resins generally can be extruded into 
films with good optical properties by the cast film 
technique. It is therefore not necessary to make a 
large sacrifice of strength for clarity. PETROTHENE® 
239 has been found to have the combination of prop- 
erties most extruders require for such applications as 
overwrap, bread wrap and soft goods bags. 

U.S.I. has pioneered in the cast film process, and is 
continuing to work in the lab and in the field on 
improvements in production methods. Our engineers 
will be glad to assist you in evaluating this new tech- 
nique in your operations. Contact your nearest U.S.I. 
office or write: 


US cuemicats co. 


Ovvision of National Distillers and Chemice! Corporation 


99 Park Ave., New York 16, N.Y. 
Branches in principal cities 
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Designers Look at Reinforced Plastics 
from the Pleasure Boat, Aircraft 
and Missile Industries Viewpoint 


Sponsored by the North Texas Section 
Adolphus Hotel, Dallas, Texas 
April 28, 1959 


8:00 A. M.—REGISTRATION 


SESSION | 
Aircraft and Missiles 


8: 45-11:30 
Key Note Speaker: 
GENERAL PROBLEMS ENCOUNTERED 
Dr. Albert G. H. Dietz 


Massachusetts Institute of Technology 


CHARACTERISTICS AND ANALYSIS OF REINFORCED PLASTICS 
FOR ELECTRICAL APPLICATIONS 

Samuel Oleesky 

Zenith Plastics Co. 


STRUCTURAL CHARACTERISTICS AND ANALYSIS OF REIN- 
FORCED PLastic Parts 
R. W. Matlock 


Summit Industries 


Various Processes Usep IN FasricaTING REINFORCED 
PLastic Parts 

Benjamin Sokol 

Republic Aviation Corp. 


Restns AND REINFORCEMENTS FoR Use IN REINFORCED 
PLASTICS 

J. V. Young 

Chance Vought Aircraft 
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12:00 M-CONFERENCE LUNCHEON 


Guest Speaker: 

PLASTICS IN RUSSIA 
J. E. FitzGerald 
Brunswicke-Balke-Collender Co. 


SESSION Il 
Pleasure Boats 


2:00 P. M. 
Key Note Speaker: 
Desicn Quatity Into Retnrorcep Piastic Boats? 
Clint Haig 
Libby-Owens-Ford 


INDUSTRIAL DesIGNeR Looks aT REINFORCED PLASTICS 
Fred M. Gore 


Industrial Design 


DESIGN INFLUENCES ON ENGINEERING REINFORCED FIBER- 
GLASS BOATS 

Dow Moore 

Ferro Corp 


A Market Man Looks at DESIGN 
Tony Cobb 


Owens Corning Fiberglas Co. 


For more information write to Chairman William McConnell, 
Air Accessories, Inc., 1400 Henderson St., Ft. Worth, Texas. 


239 


} 
é 
at 
: 
a 
a 
$ 
x 
= 
4 ae 


shipped from stock 
order now! 


_ 


IMS Super Duty T-2D Drum Tumbler with dispos- 
able fiber drums in place. New model features special 
clutch and electric brake. 


ams) Drum Tumblers 


are stocked in 5 different models 
T-2 T-2B 


Popular Model 3/4 HP Heavy Duty 2 HP 
“hy Takes drums up to 37” high and 
Takes d to 33” high Pp 9g 
ee He in all diameters up to 23%". 


din all di t to 22”. 
Capacity 250 to 300 Ibs. Each Drum 
apacity Pricecomplete . . . . . $897.50 


Pricecomplete . . . . . $595.00 
T-2C 


Extra Heavy Duty 3 HP 
T 2A Takes drums up to 43” high 
and in all diameters up to 24”. 


Medium Duty 1 HP Capacity 350 to 400 Ibs. Each Drum 
Specifications same as Model Pricecomplete . . . . . $1285.00 
T-2 except that 1 HP motor is T 2D 


supplied in place of °/4 HP. 
Capacity 100 to 150 Ibs. Each Drum Super Duty S HP 
Takes drums up to 45” high 


Pricecomplete . . . . . $673.50 and in all diameters up to 24”. 
Capacity 450 to 500 Ibs. Each Drum 
Pricecomplete . . . . . $2650.00 


Complete Parts List and Operating Instructions available on request. 


INJECTION MOLDERS SUPPLY COMPANY 


3514 LEE ROAD * WYoming 1-1424 * CLEVELAND 20, OHIO 
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Edited by Louis Paggi, Consultant 
E. I. du Pont de Nemours & Co., Inc. 


MOLDING CYCLES 


Induction Heating 
for 
Injection Molding Machines 


Winchel J. Goodwin 
Hale and Kullgren, Inc. 


SK AN ENGINEER or plant 

superintendent if he has any 
problems with the heating cylinders 
on his injection molding machines 
and you are very likely to hear 
quite a tale of woe. Complaints such 
as “wish I could hold temperatures 
more closely,” “have to replace 
heaters too often,” “heating con- 
tactors beat themselves to pieces,” 
“takes too long to heat-up,” “work- 
ers complain of heat from machine,” 
and “wish I could reduce my power 
bills,” will be in this tale. 

Tests recently completed at Amos 
Molded Plastics Co. indicate that 
induction heating of these cylinders 
will do much to eliminate many of 
these complaints. A standard, late 
model, 24-ounce Watson-Stillman 
machine was selected for installa- 


tion of the induction heating units. 
The heating cylinder was originally 
equipped with tubular heaters in- 
stalled in grooves. In addition, two 
band heaters were connected to the 
front zone, Total heater capacity was 
24.4 kilowatts arranged in three 
zones of approximately equal length. 

The above heating elements were 
replaced with three induction heat- 
ing assemblies of equal length de- 
signed for operation at either 220 
or 440 volts, 60 cycles. Each assem- 
bly consists of two 220-volt coils, 1” 
of thermal insulation (k 0.57 
BTU ‘sq. ft./in./°F at 600°F), a 
magnetic structure and mounting 
parts. Each assembly was designed 
for 5 kw with coil taps to permit 
adjustment of power input above 
and below this value. 


To establish a basis for compari- 
son of performance of induction 
heating with resistance heating, data 
were obtained from an identical re- 
sistance heated machine which was 
producing a similar product. The 
power consumption, operating tem- 
peratures, and production were re- 
corded over a_ four-day period. 
These data, along with that from the 
induction heated machine are sum- 
marized in Tables I and II. Both 
machines were processing Monsanto 
#HT88 Styrene. 

Now, what advantages does in- 
duction heating offer over resistance 
heating? On the basis of these first 
tests, the following is evident: 

1. Electric energy is used much 
more efficiently due to the use of 
thermal insulation around the 
cylinder. This will result in a 
significant reduction in annual 
power cost. 

2. Precision temperature control is 
for the first time possible without 
the use of complicated and ex- 
pensive control systems. Since the 
heat is generated directly in the 
cylinder wall there are no thermal 
lags resulting in deviations from 
control set point (overshoot or 
undershoot). Standard “off-on” 
type controllers without propor- 
tioning control action will provide 
more accurate control of tempera- 
ture than is possible with any 
other heater-controller combina- 
tion presently used on injection 
molding machines. 

. The surface temperatures of the 
heating elements are considerably 
lower—increasing operator coim- 
fort and reducing the burn hazard 
present with other heaters. Due to 
the low operating temperature of 
the coils, high temperature wire 
and terminals are not required. 

4. Since the operating temperatures 
of the coils are well within safe 
limits, they should have extreme- 
ly long life. With the use of 
NEMA Class H insulating ma- 
terials and coil construction meth- 
ods, a life of 10 to 20 years is 
not beyond reason. 


TABLE | 
Power Input 


Watt-Hours 


Prod. System 


Ibs./hr. 


Heater Cap.—kw 


‘Shot Wet Rate 
Per Pound Efficiency 


Shots/hr. Front 


Center Rear 


6.0 40.6 80°." 


Machine oz. 


Induction Ht'd. 14.6 76 69.3 5.8* 48 
7 69.8 8.4 6.4 9.6 96.9 34% 


No. 27 
No. 28—Resistance Ht’'d. 14.9 
* Includes 1.5 kw Band Heater. 
"Calculated from previous laboratory work. 
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TABLE II 
Heater Performance 


Control Set Point Deviation From Maximum Heater 


Machine Front Center Rear Set Point Surface Temp. 


F F °F F °F 
No, 27—Induction Ht’d. 500 530 530 None* 170° and 200°¢ a 
No. 28—Resistance Ht'd. 494» 579» 573” +5° to 10° cylic 1000° to 1200°¢ 


“Only observable pointer movement was that required to initiate control action. 
” Average of control set points used over four-day period. 

* The 200°F temperature was experienced on the coils for the rear zone only. This is due to coils operating at 3.0 kw 
each rather than at or below the 2.5 kw value for which they were designed. A tap for producing design kw was not 
available on these coils. 

“ Estimated. Temperatures beyond the 800°F range of the surface pyrometer. 


ts 5. A major maintenance problem considered, including reduced main- range at which they can be molded. 
presently lies with the contactors tenance, downtime and scrap pro- We also believe that this heating 
controlling the power to the heat- duction, as well as reduced operating method will permit changes in in- 
ers. These contactors are fre- cost, the extra expenditure will be jection molding cylinder design to 
quently subjected to very severe justified. Since these heaters oper- achieve higher plasticizing rates. 
cycling due principally, to the ate at around 65°, to 70% power Perhaps lower stock exit tempera- 
proportioning control action re- factor, (about the same as an in- tures can be used, thus shortening 
quired of the controllers when duction motor operating at 1/2 to up the cure time in the molds per- 


used with resistance heating. With 2/3 load), the addition of static mitting higher production rates. 


induction heating, this cycling is capacitors may, in rare instances, The Amos Molded Plastics Com- 
. greatly reduced since proportion- be required to avoid a penalty bill- pany is continuing their experimen- 
4 ing type control action is neither ing from the power company. tal work with the unit they have. 
. required nor even desirable. Thus, Departing from the realm of fact Perhaps these experiments will 
~ contactor maintenance will be and gazing into the crystal ball, we prove some of the preceding con- 
: greatly reduced. believe that other advantages of this jectures. 
eS Now, there must be some draw- heating method will become ap- We are particularly grateful to 
on back to induction heating. The parent. Among these we believe is Art Evans, Plant Engineer, of the 
é principal one is that of first cost. At the likelihood that the precision above company for his cooperation 
the present state of the art, the cost temperature control possible with in obtaining the data presented 
of the heating units is from three induction heating will permit eco- herein. 
“ to four times that of resistance heat- nomical processing of materials — 
a ing. However, when all factors are which have a narrow temperature 


Here is Your Answer to Molding Questions 
SPE JOURNAL CONSULTATION SERVICE 


% Production % Techniques 


Maintenance % Materials 
Send yeur Molding Questions to: 4 
An experienced, qualified and informed Louis Paggi Ee 
consultant. Your molding problems are Sales Service Laboratory oe 
discussed monthly. Send yours in to- Polychemicals Dept., 
day—have your answers printed next E. I. Du Pont de Nemours & Co., Inc. 
month. Wilmington 98, Delaware 
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lish SPE in its rightful place 
among the recognized technical 
Edited by Thomas A. Bisel societies of the world. 
, 6. Sections and Membership (George 
SPE Executive Secretary W. Martin, Administrator) 
a. Increase membership to 8,000 
members. 
. Complete Audit Bureau Circu- 
lation analysis of our member- 
ship. 
. Rewrite the Section Procedures 
Manual. 
. Establish five new Sections on 


President's Message the North American Continent. 


. As provided by the new Consti- 

SPE GOALS FOR 1959 tution, activate student mem- 

bership and provide a program 
UR SOCIETY has mushroomed on both a national and local for starting 6 Student Chapters. 
from modest beginnings in level and, at the same time, give . Ad-Hoc Committees 

1942 to the present membership of greater assistance to the Speak- National Councilmen’s _ travel 

6,500 plastic engineers throughout er’s Committee of the Annual (Richard A. Jenkins, Chairman) 

27 countries, with an annual budget Technical Conference. a. Study the problem of cost of 

of almost $300,000. This dynamic b. Greater assistance to the 1960 travel of National Councilmen 

growth was directed, planned and Annual Technical Conference in to quarterly meetings and 
put into effect by volunteer mem- Chicago by our National Office. recommend solution. 

bers who have willingly and gladly c. Increase the number and the b. Plastics Institute Committee 

given their time and paid their own attendance of Regional Techni- (Ralph L. Mondano, Chairman) 

expenses to accelerate this growth. cal Conferences. Continue study made over the 

Surely we deserve to have tremen- _ Publications (Frank A. Martin, past 2 years on how SPE can 

dous pride in our organization. Administrator) be of service to the Plastics 
SPE’s past is only useful insofar a. Increase our activities for so- Industry through a_ research 

as it will help us to plan the future licitation of papers for the program. 

Accordingly, here are our major Journal. National Office (Thomas A. Bis- 

goals for 1959: b. Increase reporting on SPE sell, Executive Secretary) 

1. Professional Activities Groups activities in the Journal. a. Complete recommendations and 
(Frank W. Reynolds, Administra- c. Study desirability of establish- plans and put into effect a more 
tor) ing an abstracting service. streamlined method of com- 
a. Complete the organization of d. Increase advertising so that we munication between the Na- 

the authorized Professional can publish an average Journal tional Office and Sections. 
Activities Groups; firmly estab- of 100 pages. . b. Study office procedures and 
lish the aims and goals of each: . Increase Journal circulation te mechanics in line with antici- 
and set out to accomplish them. 9.500. pated growth over next three 
Establish those Technical Com- Reduce printing and operating 
mittees requested by members costs. 9. Past-Presidents’ Advisory Board 
of the Society to study or to g. Appoint technical editor and (Peter W. Simmons, Chairman) 
recommend standards and bd authors for “Processing of Ther- a. Study and recommend policies 
specifications within the plastics mosetting Materials” ne “Dew for SPE awards and prizes. 
industry. ~ sign of Plastic Parts.” b. Prepare history of Society. 
Education and Inter-Society Re- Review J H. DuBois and This program can be put into effect 
lations (Jules W. Lindau, III, Ad- Wayne I. Pribble’s “Plastic and carried out only if we have 
ministrator ) Mold Engineering” to determine the assistance of all members. If you 
a. Implement the recommenda- wiether % shat’ te brought are not now active in either local or 
tions of the Education Commit- up-to-date and republished. national work and can give a few 
tee on both a national and local minutes of your time to SPE activi- 
scale. Assist Sections in starting ties, please get in touch with one 
active educational programs in of your local or national officers and 
conjunction with high schools advise them of your ability to work. 
and universities. Remember, when you serve SPE, 
. Complete program for estab- you serve yourself! 
lishment of a Boy Scout badge With your support, 1959 can be 
in plastics. still another “greatest” year in 
». Strengthen our program of in- Hold election of next National SPE’s history : 
ter-society relations both on a Officers in October in accord- wae 
national and local level. Estab- ance with new Constitution, Respectfully submitted, 
lish active participation by SPE thus enabling the new 1960 
in the American Standards As- Officers to get their committees noe 
sociation. established and ready to start Tn f * of. 
3. Meetings (John Delmonte, Ad- by January, 1960. oi it 
ministrator) . Study and put into effect a 
a. Establish a program by which strong publicity and public re- Frederick C. Sutro, Jr 
we can coordinate papers given lations program that will estab- National President 


years. 


Administrative Functions (H. S 
Nathan, Administrator) 

a. Prepare 1959-1960 budget. 

b. Upon adoption of revised Con- 
stitution, publish a complete 
booklet containing revised Con- 
stitution and By-Laws. 
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1959 NATIONAL ROSTER 


NATIONAL OFFICERS 


Frederick C. Sutro, Jr., President Frank W. Reynolds, Secretary 
George W. Martin, First Vice President Haiman S. Nathan, Treasurer 
. Jules W. Lindau, Ill, Second Vice President Thomas A. Bissell, Executive Secretary 


NATIONAL COUNCILMEN 


This Council officiates through Annual Business Meeting, January 12, 1960 


Akron Detroit Northern Indiana St. Louis 
FRANK A. MARTIN CARL H. WHITLOCK MAX M. LEE DONALD EELLS 


Baltimore-Washington Eastern New England Northwest Pennsylvania South Texas 


ALBERT M. LIGHTBODY RALPH L. MONDANO DONALD LEET CLINTON A. HOWARD 


Bartlesville-Tulsa Ontario 


Golden Gate Southeastern New England 
JOHN N. SCOTT, JR. JOHN B. MOORE RALPH NOBLE J. ROBERT JOHNSON if 
F. W. REYNOLDS Kansas City Southeastern Ohio 
FREDERICK C. SUTRO, JR. Pacific Northwest MARIO J. PETRETT! 
Buffalo BORIS V. KORRY 
be HAIMAN S. NATHAN Kentuckiano Southern 
J. M. BERUTICH Philadelphia JULES W. LINDAU, III 
Central Indiana SAMUEL GREENWOOD 
EUGENE C. QUEAR Miami Valley Vell Southern California 
ioneer Valley JOHN DELMONTE 
Central New York JOHN T. MOORE 
JAMES R. LAMPMAN 
Milwaukee Pittsburgh a LD R. BOWLIN 
DONA A 
Central Ohio PAUL A. WEST JOSEPH B. SCHMITT 
HENRY W. KUHLMANN 
Newark Tri-State 
Chicago DONALD BIKLEN WILLIAM F. UTLEY 
1. MAURICE F. MALONE 
3 New York Upper Midwest 
Cleveland Rochester pp 
a SHERMAN M. CRAWFORD G. PALMER HUMPHREY GEORGE A. HAYSLIP JEROME L. FORMO 


Connecticut North Texas Rocky Mountain Western New England 
DAVID MERSEY R. A. JENKINS OSCAR B. YORKER RAY MAZUR 


COUNCILMEN-AT-LARGE 


R. Kenneth Gossett 


George W. Martin Thomas A. Bissell 


EXECUTIVE COMMITTEE 


Frederick C. Sutro, Jr. 


Jules W. Lindau, Ill 


Haiman S. Nathan John Delmonte Thomas A. Bissell 


George W. Martin Frank W. Reynolds R. Kenneth Gossett Frank A. Martin 


COMMITTEE CHAIRMEN APPOINTMENTS 


PAST PRESIDENTS ADVISORY BOARD 


Peter W. Simmons (Newark) 


w 


PROFESSIONAL ACTIVITIES GROUPS “han Myers, II! (Newark) 


Administrator PAG 4. Reinforced Plastics RIPPAG 
Frank L. Reynolds (Binghamton) George Lubin (New York) 
7 Technical Information Committee PAG 5. Injection Molding IJIMPAG 
, W. O. Bracken (Philadelphia) Robert R. Moyer (Western New England) 
PAG 1. Plastics in Buildings PIBPAG PAG 6. Metals for Plastics Molds MPMPAG 
Ronald J. Carney (Newark) L. J. Morrison (Detroit) 
PAG 2. Plastics in Electrical Insulation PEIPAG PAG 7. Castings and Plastics Toolings CPTPAG 
Walter A. Gammel, Sr. (Northern Indiana) Jerome D. Bassin (Binghamton) 
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PAG 8. Forming FMGPAG 
Donald A. Davis (Kentuckiana) 

PAG 9. Finishing FHGPAG 
Gordon K. Storin (Buffalo) 

PAG 10. Thermosetting Molding . TSMPAG 
Elias G. Greninger (Connecticut) 

PAG 11. Vinyl Plastics VYPPAG 
Robert Abeles (Eastern New England) 

PSPPAG 


PAG 12. Polymer Structure and Properties 
Robert R. Stromberg (Baltimore-Washington) 


PAG 13. Fabricating FABPAG 
Robert S. Lambert, Jr. (North Texas) 
PAG 14. Standards for Reporting Properties SRPPAG 
(To be appointed) 
PAIPAG 


PAG 15. Piastics in the Automotive Industry 
(To be appointed) 


EDUCATION AND INTER-SOCIETY RELATIONS 


Administrator 
Jules W. Lindau, IIl (Southern) 


EDUCATION 
Robert C. Bartlett (Chicago) Until April, 1959 


INTER-SOCIETY 
Jerome L. Formo (Upper Midwest) 
American Association for Advancement of Science 
(To be appointed) 
American Chemical Society 
Irvin |. Rubin (New York) 
American Electroplaters Society 
Arthur W. Logozzo (Western New England) 
American Institute of Chemical Engineers 
(To be appointed) 
American institute of Electrical Engineers 
(To be appointed) 
American Ordnance Association 
Oscar B. Yorker (Rocky Mountain) 
American Society for Engineering Education 
Jules W. Lindau, tll (Southern) 
American Society for Metals 
(To be appointed) 
American Society for Quality Control 
Lawrence M. Debing (Western New England) 
American Society of Mechanical Engineers 
Jules W. Lindau Ill (Southern) 
American Society of Safety Engineers 
(To be appointed) 
American Standards Association 
William Lewi (New York) 
ASTM Cellular Materials Coordinating Committee 
Frank W. Reinhart (Bailtimore-Washington) 
ASTM Committee 0-20 on Plastics 
Kenneth A. Kaufmann (Kansas City) 
Building Research Institute 
Jerome L. Formo (Upper Midwest) 
Forest Products Research Society 
(To be appointed) 
Institute of the Aeronautical Sciences 
(To be appointed) 
Institute of Radio Engineers 
Raitph L. Mondano (Eastern New England) 
Instrument Society of America 
Frank A. Martin (Akron) 
International Standards Organization 
Norman A. Skow (Philadelphia) 
Manufacturing Chemists’ Association 
George W. Flanagan (Baltimore-Washington) 
National Conference on the Application of Electrical 
tion 
Max M. Lee (Northern Indiana) 
National Electrical Manufacturers Association 
T. Walter Noble (Milwaukee) 


National Society of Corrosion Engineers 
Raymond S. Perkins (Non-Section) 


Insula- 


Society of Automotive Engineers 
(To be appointed) 

Society of Motion Picture & TV Engineers 
Herbert Meyer (Southern California) 

Society of Photographic Scientists & Engineers 
Herbert Meyer (Southern California) 

Society of the Plastics Industry, Inc. 
James R. Davidson (Detroit) 

Technical Association of the Pulp & Paper Industry 
(To be appointed) 


AD HOC COMMITTEES 


Counciimen's Travel 
R. A. Jenkins (North Texas) 


Plastics Institute 
R. L. Mondano (Eastern New England) 


MEETINGS 


Administrator 
John Delmonte (Southern California) 


Chairman 
Joseph B. Schmitt (Pittsburgh) 


Standing Sub-Committees 


Speakers 
John A. Picard (Detroit) 

1960 Annual Technical Conference 
Frank L. Fine (Chicago) 


PUBLICATIONS 


Administrator 
Frank A. Martin (Akron) 


Publications Committee 
Eugene C. Quear (Central Indiana) 

Technical Volumes Committee 
Frank A. Martin (Akron) 


Editorial Board 
Frank W. Reinhart (Baltimore-Washington) 


ADMINISTRATIVE 


Administrator 
Haiman S. Nathan (Buffalo) 


Finance 
Haiman S. Nathan (Buffalo) 


Constitution and By-Laws 
Arthur W. Logozzo (Western New England) 


Election Inspectors 
Herbert J. Weber (New York) 


Public Relations 
Lucien R. Greif (New York) 


SECTIONS & MEMBERSHIP 


Administrator’ 
George W. Martin (Western New England) 


Membership 
James R. Lampman (Central New York) 


Student Membership Sub-Committee 
John M. Berutich (Kentuckiana) 


Regional Membership 
New England—Sid Lohman (Southeastern New England) 
lroquois—M. Malone (Quebec) 
Mid-Atlantic--Samuel H. Greenwood (Philadelphia) 
East Central—Sherman M. Crawford (Cleveland) 
South Central—John N. Scott, Jr. (Kansas City) 
Great Lakes—C. W. Armstrong (Northern Indiana) 
Western—(To be appointed) 


Credentials 
Donald W. Biklen (Newark) 


Sections 
G. P. Humohrey (New York) 


New Sections Develooment 
Oscar B. Yorker (Rocky Mountain) (After July 1, 1959) 


Lindau to Head SPE Delegation _'!. The 
to European Plastics Conventions 


President Frederick C. Sutro, Jr., 
has appointed 2nd Vice President 
Jules W. Lindau III as Chairman of 


an official delegation to represent 


SPE at two European plastics meet- 2. The Plastics Exposition to be held 
ings: in conjunction 
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British) 
Convention 
England, June 17-27, 1959, (Spon- 
sored by British Plastics maga- 
zine with the support of British 
Plastics Federation). 


International 
Plastics 
Olympia, 


(formerly 
Exhibition and 
London, 


with the Fifth with the SPE National Office. 
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Salon Internationale de la Chimie, 

Paris, France, June 18-29, 1959. 

SPE members who are planning to 
attend one or both of these conven- 
tions are invited to join the SPE 
delegation. If interested, please com- 
municate with Chairman Lindau, ° 
Southern Plastics Co., 408 Pendleton 
St., Columbia 8, South Carolina, or 
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Edited by Philip G. Fleming 
Bendix Aviation Corp. 


COMMITTEE REPORTS 


National Credentials Committee 

George Baron, Chairman, reports 
that during the period September 1, 
1958, through January 15, 1959, the 
National Office had sent to the Na- 
tional Credentials Committee for 
processing, a total of 486 applica- 
tions for membership in SPE and 
12 requests from members of SPE 
for reclassification. 

These 498 forms went out in 17 
mailings. From the date the mailing 
was prepared in the National Office, 
through its circulation among the 
committee members the entire proc- 
ess was accomplished in from 8 to 
20 days. However, the majority 
completed their rounds in the aver- 
age of 12 days. 


Meetings Committee 

Frank Martin, Chairman, reports 
that the Meetings Committee per- 
sonnel for the past year has 
included D. R. Bowlin, S. H. Green- 
wood, D. A. Hamilton, G. A. Mar- 
tinelli, J. E. Parks, J. A. Picard, 


PAST PRESIDENTS ADVISORY 
BOARD LUNCHEON 


The traditional annual luncheon of SPE Past Presidents, 
which comprised the membership of the Past Presidents 
Advisory Board, was held on January 29th at the Hotel 
Commodore in New York City. Nine of our seventeen Past 
Presidents attended the luncheon and posed for the above 
picture. Seated from left to right are: John W. LaBelle 
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C. H. Whitlock, and F. A. Martin. 
During the past month Franklin 
Fine, who has been nominated as 
general chairman of the 16th AN- 
TEC, was appointed to the com- 
mittee. 

Mr. Martin’s summary of the work 
accomplished by this committee 
during 1958 shows that the goals— 
set for the year, were substantially 
completed. He included the follow- 
ing goals for 1959. 

Looking to 1959 there are several 
items which the Meetings Committee 
should study. Among these are (1) 
revision of the system for allocat- 
ing RETECS, (2) Study of the type 
of papers presented at ANTECS, 
and regarding their quality, and 
(3) Study of functions that can be 
shifted from the local ANTEC com- 
mittees to the National Office Staff. 


Professional Activities Groups 
Dr. Frank Reinhart, Administra- 


tor, Professional Activities Groups 


Kenneth Gossett 


(1958), indicated that significant 
progress was made in PAG during 
1958. With approval of Plastics in 
the Automotive Industry there are 
now 15 PAG’s. Eight of these groups 
are very active, three are less active, 
and two groups held initial meetings 
at the 1959 ANTEC. 

In order to expedite the proper 
flow of communications, the follow- 
ing number and initial designations 
heve been allotted to the standing 
PAG’s. 

PAG 1. Plastics in 
Buildings 
PAG 2. Plastics in Elec- 
trical Insulation PEIPAG 
PAG 3. Extrusion EXTPAG 
PAG 4. Reinforced 
Plastics 
PAG 5. Injection 
Molding 
PAG 6. Metals for 
Plastics Molds MPMPAG 
PAG 7. Casting and 
Plastics Tooling CPTPAG 
PAG 8. Forming FMGPAG 
PAG 9. Finishing FHGPAG 
PAG 10. Thermosetting 
Molding 
PAG 11. Vinyl Piastics 
PAG 12. Polymer Struc- 
ture and 
Properties 
PAG 13. Fabricating 
PAG 14. Standards fo: 
Reporting 
Properties 


PIBPAG 


RKEPPAG 


IJMPAG 


TSMPAG 
VYPPAG 


PSPPAG 
FABPAG 


SRPPAG 


(1954); Fred C. Sutro, Jr., 1959 National President; R. 
(1958); Thomas A. Bissell, Executive 


Secretary, Islyn Thomas (1951) and Frank W. Reinhart 


(1955). Standing left to right are: J. Harry Dubois (1948); 
William O. Bracken (1952); Jerome Formo (1956); Mario 
J. Petretti (1949) and Walter F. Oelman (1953). During 
the luncheon, the group discussed several projects which 
the SPE Past Presidents Advisory Board will study this year 
under the Chairmanship of Peter W. Simmons (1957). 
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PAG 15. Plastics in 
Automotive 


Industry PAIPAG 


In a summary rendered by Dr. 
Reinhart on membership and activi- 
ties of various PAG’s, it was noted 
that PIBPAG had held 3 meetings 
since January 1958 and projects 
presented on those occasions are 
now being worked on. PEIPAG had 
participated as co-sponsors in the 
1958 National Conference on the 
Application of Electrical Insulation 
in Cleveland, Ohio, September 1958. 
This group, in cooperation with the 
Northern Indiana _ Section, has 
planned a RETEC on Plastics in 
Electrical Insulation for May 22, 
1959 (see page 250). National Coun- 
cil has approved this conference. 
In the February issue of the Jour- 
nal (page 166) is a report on the 
plans of EXTPAG concerning their 
“Extrusion Workshop.” 

Regular active sessions of the 
New York and Detroit REPPAG 
has formed a subgroup to develop 
a standard format for presenting 
properties of reinforced plastics for 
the design engineer. Recommended 
by REPPAG for the National Coun- 
cil to consider is the problem of 
a comprehensive abstracting service 
for articles on plastics and related 
services. Formation of an Ad Hoc 
Committee to study the establish- 
ment of an SPE Abstracting Service 


has been 
Council. 

FHGPAG helped to organize one 
of the sessions at the 1959 ANTEC. 
They are also organizing a RETEC 
in cooperation with the Buffalo Sec- 
tion to be held October 16, 1959. 
Attempts are being pursued by 
TSMPAG to set specific tasks and 
to delineate the scope of activity. 
PAIPAG, a new group has been 
formed and approved by Council. 
It has 18 members. 

Over 60 representatives of various 
segments of the vinyl industry at- 
tended the National Vinyl Profes- 
sional Activity Group when it met 
in January during the 15th ANTEC 
at the Hotel Commodore in New 
York City. Three goals of the VYP- 
PAG are to (1) Aid in forming local 
VYPPAC Sections. Two subgroups 
have been formed to date. One is 
in New York and the other in New 
England. A third subgroup is being 
formed in Northern Ohio; (2) Pro- 
vide liaison on programs between 
VYPPAC Sections; and (3) Provide 
suitable technical papers for presen- 
tation at ANTEC. They have re- 
quested responsibility to plan vinyl 
programs at National Conferences. 
Interested persons should contact 
the secretary, Joseph Clancy at 4343 
East River Drive, Philadelphia 29, 
Pa. 


requested of National 
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MEMBERSHIP BAROMETER 


NEW TOTAL* 
MEMBERSHIP 


Members in good standing plus 
applications in process. 


ANOTHER NEW IMPCO 


Special Purpose Injection Molding Machine for Containerlike Molding 


MODEL 


CA30-75 


30-50 gram capacity 


® 30 molding cycles per minute* 


shut-off nozzle for pre-pressurized 


molding 
simplified mold construction 


® built-in die and platen cooling ar- 


rangement 


separate injection and clamp hydrav- 


lic circuits 
shock mounted control panel 


photo electric recycling monitor 


75 ton clamp 
stroke 
fully automatic 


*dependent on material and mold construction 


IMPROVED MACHINERY INC. 
NASHUA - NEW HAMPSHIRE 
In Canada, Sherbrooke Machineries Limited, Sherbrooke, Quebec 
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Plastics in the Metals Industries 


Sponsored by the Pittsburgh Section 
Penn-Sheraton Hotel, Pittsburgh, Pa. 
May 7, 1959 


8:30 A. M.—REGISTRATION 12:30 P. M—CONFERENCE LUNCHEON 


MORNING SESSIONS J. H. DuBois, Consultant S 
LookKING AHEAD IN PLASTICS 


Session | 

Moperator: Dr. M. W. Lightner 
Vice-President—Applied Research 
U. S. Steel Corporation 


AFTERNOON SESSIONS 


Session Ill 


Moperator: B. M. Hollansworth 
10:00-10:30 A. M. Superintendent of Engineering 


anp Mrrats— IcKinney Manufacturing Company 


R. B. Fehr, Jr. 
E. I. du Pont de Nemours Co. 2:30-3:00 P. M. 
NyYLon AND DeELrRIN RESIN APPLICATION IN THE METALS 
FIELD 
PENTON, A CONSTRUCTION METAL, FoR CorrOsIvVE AP- R. N. Peterson 
PLICATIONS E. I. du Pont de Nemours Co. 
Clarence S. Miller 
Hercules Powder Company 3:00-3:30 P. M. 


10: 30-11:00 A. M. 


11:00-11:30 A. M. POLYPROPYLENE IN FABRICATED EQUIPMENT 
Dr. W. Paul Acton 


Lexan, A NEw ENGINEERING MATERIAL 
Hercules Powder Company 


R. J. Thompson 
General Electric Company 


11:30-12:00 M. 


3:30-4:00 P. M. 


Piastics as CONSTRUCTION MATERIAL IN THE STEEL IN- 
HicH DENsity POLYETHYLENE DUSTRY 
teal Dr. Joseph Bigos 
illips Chemical Company United States Steel Corporation 


Session Il 
Session IV 


Moperator: Dr. P. W. Bachman 
E. E. Lull 


Vice-President & Director of Research Moperator: 
Koppers Company Assistant Manager Tool Steel Sales 


Crucible Steel Co. of America 
10: 00-10:30 A. M. 2:30-3:00 P. M. 


Piastics Linep TANKS 
: EXTENDING THE Horizon FOR STEEL SHIPPING CONTAINERS 
W. P. Cathcart as U P 
IT > Use or PLastics 
E. B. Edwards 


Jones & Laughlin Steel Corporation 


10:30-11:00 A. M. 


MAINTENANCE USES OF NYLON IN THE METAL INDUSTRY 3:00-3:30 P. M. 


Hicu Density Protective COATING 
Polymer Corporation S M Hmiel 
11:00-11:30 A. M. Koppers Co., Inc. 
ALominum ix Foamp PANELS Pre-registration forms are available from Chairman John 
L. W. Hovland, Aluminum Co. of America, and Prof. Parks, Hydraulic Press Mfg. Co., 512 Empire Bldg., 
E. R. McLaughlin, Pennsylvania State University Pittsburgh 22, Pa. 
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TECHNICAL MEETINGS CALENDAR 


16TH ANTEC 


ANNUAL ‘TECHNICAL CONFERENCE— 
January 12-15, 1960, The Conrad 
Hilton, Chicago, Ill. Sponsored by 
the Chicago Section. For more in- 
formation, contact General Chair- 
man Franklin L. Fine, Rohm & 
Haas Co., 5750 W. Jarvis Ave., 
Chicago 31, Ill 


1959 NATEC 


NATIONAL TECHNICAL CONFERENCE 
October 13-14, 1959. The Ambas- 
sador, Los Angeles, Calif. For more 
information, contact General Chair- 
man, Jack G. Fuller, “e Chemtrol 
Co. 10872 Stanford Ave., Lynwood, 
Calif. 


WORKSHOP 


Exrrusion—April 1 and 2—Lowell 
Technological Institute, Lowell, 
Mass. Sponsored by the Eastern New 
England Section in cooperation with 
the Extrusion PAG. For more infor- 
mation, including complete pro- 
gram, see pages 166, 167 of the 
February SPE Journal. For further 
information contact Robert D. 
Sackett, 15 Western View Circle, 
East Longmeadow, Mass. 


RETECS 


A Desicner’s Loox at Retnrorcep 
PLASTICS FROM THE PLEASURE Boat, 
AIRCRAFT AND MIsSILEs INDUSTRIES 
Viewrornt—April 28, 1959, Adolphus 
Hotel, Dallas, Texas. Sponsored by 
the North Texas Section. For in- 
formation write to Chairman Wil- 
liam McConnell, Air Accessories, 
Inc., 1400 Henderson St., Ft. Worth, 
Texas. For complete program see 
page 235 of this issue. 


PLASTICS IN THE MetaL INpustry— 
May 7, 1959, Penn-Sheraton Hotel, 
Pittsburgh, Pa. Sponsored by the 
Pittsburgh Section. For information 
write to Chairman John Parks, Hy- 
draulic Press Mfg. Co., 512 Empire 
Bldg., Pittsburgh 22, Pa. For com- 
plete program see page 249 of this 
issue. 
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Piastics IN ELectricaAL INSULATION 

May 22, 1959, Fort Wayne, Ind. 
Sponsored by the Northern Indiana 
Section in cooperation with the 
Plastics in Electrical Insulation PAG. 
Program includes papers on en- 
capsulation, printed circuitry and 
fluidized bed coatings. For informa- 
tion write to Chairman Walter A. 
Gammel, Sr., RBM Controls Div., 
Essex Wire Corp., Logansport, Ind. 


PLASTICS IN THE AUTOMOTIVE INDUS- 
try—June 19, 1959. Sponsored by 
the Detroit Section in cooperation 
with the Plastics in the Automotive 
Industry PAG. For information 
write to Chairman John Donalds, 
The Dow Chemical Co., 450 Fisher 
Bldg., Detroit 2, Mich. 


Vinyt Ptastics—October 7, 1959, 
Cleveland, Ohio. Sponsored by the 
Cleveland Section. For information 
write to William Messina, 414 Shaw- 
nee Place, Huron, Ohio. 


Piastics 16, 
1959, The Niagara Hotel, Niagara 
Falls, N. Y. Sponsored by the Buf- 
falo Section in cooperation with the 
Plastics Finishing PAG. For infor- 
mation write to Chairman Gordon 
K. Storin, 3 Forest Rd., Lewiston 
Heights, Lewiston, N. Y. 


PLastics IN THE SHOE INDUSTRY— 
November 1959, St. Louis, Mo. 
Sponsored by the St. Louis Section. 
For more information write to Otto 
Wulfert, Chairman, “ Wagner Elec- 
tric Co., 6400 Plymouth Ave., St. 
Louis 14, Mo. 


Piastics In Packacinc—November 
19, 1959, San Francisco, Calif. Spon- 
sored by the Golden Gate Section. 
For information write to Chairman 
Bill Hodges, Hodges Chemical Corp., 
1801 Spring St., P.O. 190,-Redwood 
City, Calif. 


STaBILITty OF PLtastics—December 
1959, Washington, D. C. Sponsored 
by the Baltimore-Washington Sec- 
tion. For information write to 
George Flanagan, 1112 19th St., 
N.W., Washington 6, D. C. 


PAG MEETING 


STANDARDS FOR REPORTING PROPERTIES 
—April 15, 1959, National Bureau of 
Standards, Washington, D.C. Elec- 
tion of officers and establishment of 
a scope of activity will take place. 
Advise Executive Secretary, Tom 
Bissell or PAG Administrator, Frank 
W. Reynolds, by April 1, 1959, of 
your plan to attend. For conven- 
ience, this meeting is held in con- 
junction with the Baltimore-Wash- 
ington forum to be presented the 
preceding day as stated below. 


TECHNICAL FORUM 


BALTIMORE-WASHINGTON—April 14, 
1959, National Bureau of Standards, 
Washington, D.C. Presentation of 
eight papers are to be made. A tour 
of the facilities of the Bureau will 
follow. For information write to 
Dr. Irving Wolock, 2209 Richland 
Pl., Silver Spring, Md., or phone 
him at Naval Research Lab. Note 
above schedule for meeting to fol- 
low on April 15th. 


SECTION MEETINGS 


Centra 31, 1959, 
Warren Hotel, Indianapolis, Indiana. 
A panel discussion will be held on 
“Preventive Maintenance of Plastic 
Equipment.” 


WestTerN New ENGLAND--April 1, 
1959, Bradley Field, Windsor Locks, 
Conn. Guest sperk~ Dr. E. C. Bern- 
hardt, will discuss “i)ie Use of an 
Extruder for Non-Cor.tintious Oper- 
ations.” 


Cuicaco—April 13, 1959, Western 
Society of Engineers’ Building. 
W. F. Christopher will give a talk 
on “Lexan Polycarbonate Resin.” 


New Yorx—April 15, 1959, Governor 
Clinton Hotel, New York City. Irwin 
L. Podell will moderate a discussion 
on “Epoxy Plasticizers for Vinyls.” 
Joseph Fath will speak on mono- 
meric epoxies, and R. F. Conyne’s 
subject will be on polymeric epoxies. 


PittspurGH—April 17, 1959, Sherwyn 
Hotel, Pittsburgh, Pa. “Roll of Plas- 
tics in Industrial Design,” will be 
discussed by Peter Muller-Munk. 
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Akron 


Section Organization 


Merle J. Sanger 


Organization of the Akron Section 
of SPE has been completed and was 
chartered by the National Council 
on January 26, 1959. Members of 
this new Section were formerly af- 
filiated with the very active Akron- 
Cleveland Section of SPE. Separa- 
tion from this group was done only 
for the convenience of the plastics 
engineers in the local areas to at- 
tend technical meetings. 

Membership of this Section now 
numbers 102 with an anticipated 
growth. 

Officers of the Akron Section are: 
President—Don Siddall; Vice Presi- 
dent—Richard H. Juve; Secretary— 
W. H. Nicol; Treasurer — Milan 
Krajeik. 

The February meeting featured a 
local speaker who entertained with 
an informal discussion. Purpose of 
this meeting was to allow an op- 
portunity for members to become 
better acquainted. 


Chicago 


New Directors, Officers 
Harry E. Bennett 


The Chicago Section of the SPE 
has recently elected three new di- 
rectors of the board, Joe A. Gits, 
Charles Waugh and Harry E. Ben- 
nett. These new officers have taken 
their position on the board along 
with the present board of directors: 
Ray Daniels, Earl Wilson, William 
Brown, James Goulka, Robert 
Reynolds, Frank Moore, Gib Bac- 
cash and Frank Fine. 

The Board of Directors is con- 
centrating on monthly programs for 
the year as well as the 1960 16th 
Annual Technical Conference which 
is headed by Frank Fine. Mr. Fine 
has had experience with the pro- 
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motion of similar meetings and we 
have excellent hopes that the 1960 
event will be the best engineering 
technical conference produced. 

Setcion Officers are: President— 
Ray Daniels; Vice President—Kar] 
Wilson; Secretary - Treasurer— 
William Brown. 


Quebec 


New Officers 


E. W. May 

The Quebec Section met January 
12th, and elected the following slate 
of officers for the year 1959: Presi- 
dent—L. J. Powers, Ontario Steel 
Products Co. Ltd.; Vice President— 
W. B. Jonah, Lewis Specialties Ltd.; 
Honorary Secretary—L. A. Mere- 
dith, Canadian Industries Ltd.; 
Honorary Treasurer—W. Lukian, 
Lukian Plastics & Engineering Co.; 
National Councilman—M. F. Malone, 
Canadian Resins & Chemicals Ltd. 

A joint SPE-Quebec Rubber & 
Plastics Group Meeting was held in 
Montreal at Ruby Foo’s, January 
15th. The guest speaker was J. C. 
MacDonald, P. Eng., of the Chrysler 
Corporation of Canada Limited, who 
delivered a most interesting talk on 
the present and future requirements 
for plastics by the automotive in- 
dustry. 


Newark 


Guest Speakers 
David L. Sahud 


During the February meeting at 
Military Park Hotel, Section Presi- 
dent Allen Serle announced that 
membership now totaled 661 and 
disclosed the formation of the new 
Polymer Structure and Properties 
PAG which was consummated at 
the recent New York ANTEC. Ben 
Walker, Chairman of the Library 
Committee, described the Section’s 
extensive plastics library, which was 
instituted in conjunction with the 
educational program at the Newark 
College of Engineering. This modern 


library is available to all SPE mem- 
bers. 

A program of two talks was pre- 
sented by Chairman Seymour Bod- 
ner. Mr. Watson C. Marriner, of 
DuPont, spoke on “Designing with 
Delrin Acetal Resin.” Slides were 
shown. 

Mr. R. Eugene Lowey, of Hale and 
Kullgren, discussed “New Extruder 
Developments,” emphasizing those 
introduced using’ induction 
heating. Pictures were also used. 


New York 


Technical Discussion 
Charles C. Orr 


Nearly 200 members and guests 
gathered February 18th at the Gov- 
ernor Clinton Hotel to attend New 
York Section’s first 1959 meeting. 
Section President Herbert Weber 
announced that since ANTEC, New 
York has acquired 75 new members 
bringing total membership to 775. 
Following other business announce- 
ments, he awarded the Section’s 
traditional gavel to Section Past 
President George Leaf, for his werk 
during 1958. 

Soren Graae, Blow-O-Matic Cor- 
poration, addressed the general 
meeting on “Blow Molding of Plas- 
tics With Blow-O-Matic Equip- 
ment.” 

“Printing and Decorating of Poly- 
ethylene Objects,” was discussed by 
Michael A. Spina, Interchemical 
Corporation. After extrusion, the 
surface of a_ polyethylene object 
must be modified so that it will 
receive printing inks. The _ ideal 
situation would be to treat only 
the first molecular layer, but 
since this is not practical, the goal 
is to penetrate the surface as little 
as possible. Four principle methods 
of treatment were discussed. These 
include: chlorination, differential 
heat treatment, oxidation, and elec- 
tronic treatment. 

The VIPAC meeting drew about 
90 members. J. L. Hutson, General 
Tire & Rubber Co., talked “Char- 
acterization of Vinyl Resins by Vis- 
cosity.” The most meaningful meth- 
od of expressing molecular weight 
of vinyl resins is in terms of its in- 
trinsic viscosity. Mr. Hutson de- 
fined the relationship of the various 
molecular weight resins to ultimate 
resin properties. 

Robert Braddicks, Jr., Kentile 
Inc., discussed “Improved Classifica- 
tion of Vinyls.” 

The Thermoformers sub-group 
was addressed by W. P. Gideon, 
Eastman Chemical Products, Ine. 
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Southern Section 


Plant Tour 
Sam Rutland 


The Southern Section included a 
very interesting plant tour in its fall 
meeting schedule. Approximately 
55 members and guests were taken 
on a tour of the Marietta, Georgia 
Division of Lockheed Aircraft Cor- 
poration. The primary interest of 
the group was the Production 
Plastics Shop where plastics parts 
for the C-130 Hercules propjet 
transport and the B-47 Stratojet 
six-engine jet bomber under modi- 
fication for the Air Force are 
fabricated. Parts fabricated include 
glass mat and fabric reinforced poly- 
esters and epoxies, formed acrylic, 
Orlon reinforced acrylic, Teflon, 
phenolic, and polyethylene parts. A 
large majority of the fabricated 
parts are structural and non- 
structural aircraft parts made from 
glass reinforced polyester resins by 
the matched metal molding tech- 
nique and by vacuum bag layup. 
Such parts include radomes, fair- 
ings, electrical junction boxes, 
equipment storage boxes, aircraft 
skis, hot and cold air ducts, antenna 


windows, air scoops, etc. Structural 
load-carrying parts are made from 
glass fabric reinforcing usually by 
the hand layup vacuum bag method, 
whereas non-structural or non- 
critical parts are ordinarily made 
from glass mat reinforcing by press 
molding with mated Kirksite or 
aluminum dies. High quality void- 
free structural laminates made by 
the vacuum bag technique usually 
run in exces of 45,000 psi tensile 
strength and 60,000 psi flexural 
strength. An integrally molded test 
sample is taken from each struc- 
tural part and tested for flexural 
strength for quality control. 

In addition to viewing the Plastics 
Shop, the group was taken on a tour 
of the C-130 production line, the 
B-47 modification line and the Jet- 
Star jet utility cargo mock-up. 


Connecticut 


Injection Machines 
K. C. Clarke 


“Improved Injection Machines” 
was the subject for the meeting held 
on February 13th at the American 
Brass Company’s Club in Nauga- 
tuck. Neil J. Henry, Sales Engineer 
for Reed-Prentice, described the ef- 
forts of his company in providing 


| Fast | 
No double weighing, desicca- 


tor cooling or caleulating. Moisture con- 
tents determined in 2 minutes on produc- 
tion line basis. 


| AccunaTe| 
otsture pereent 


read directly on UMluminated dial with ac- 
curacy of pluseminus 0.05%. Uses baffled 
air heating. No danger of scorching, which 
is so often the case with uneven infra-red 
radiant heating 


Saves time and labor. Releases skilled 
technicians for other work. 


| VERSATILE Simultaneously test 


one to ten samples of all hinds of organic 


and inorganic materials. 


Write or call for techni- 
eal bulletins and reprints 
of published applications. 


Ten samples tested 2 minutes apart in the 


C. W. Brabender VOLATILES /MOISTURE TESTER 


Time proven! More than 8,500 in use throughout the World. 


53 E. Wesley Street 


Instruments, Inc. 


SOUTH HACKENSACK, N.J. 
Diamond 3-8425 


the plastics industry with better 
conventional injection machines and 
entirely new machines based on new 
concepts. 

New conventional machines must 
have greater speed, daylight, pump- 
ing capacity, versatility, and ease of 
maintenance. 

The entirely new machine de- 
scribed by Mr. Henry is called the 
Jetflo. This machine employs a ro- 
tating hollow screw for plastifying 
the resin, and a reciprocating ram 
operating within the screw for in- 
jection. The advantages offered by 
this machine are: (1) more uniform 
plastifying of the resin, (2) stronger 
and tougher pieces, (3) reduction 
in operating temperatures and pres- 
sures, (4) improved color dispersion. 

Many case histories were cited to 
substantiate these advantages. Mr. 
Henry was kept busy the remainder 
of the evening answering questions 
on this new concept in injection 
molding machines. 


Kentuckiana 


Epoxy Resin Talk 
R. O. Carhart 


Newly elected officers presided at 
the January 21st meeting which was 
held at Bill Boland’s Dining Room, 
where 21 members and guests at- 
tended. New officers are: President 
—Ray Eshenaur; Vice President— 
Darryl -Hicks; Secretary — Randy 
Carhart; Treasurer — Bill Watkins 
and National Councilman — Jack 
Berutich. 

Following the dinner, President 
Eshenaur introduced the speaker for 
the evening. Dr. Harold Cook, who 
is a member of our Section, gave an 
interesting and informative talk on 
epoxy resins, covering chemistry, 
formulation, properties and applica- 
tions of such materials. An interest- 
ing display of use applications was 
also provided. 


Officers Named 


Harry Watson 

John Glen, district sales manager 
of plastics, C-I-L, Toronto, was 
elected President of the Ontario 
Section. Other officers were; Vice- 
President—Norman Hall; Treasurer 
—Harold Hutton; Secretary—Harry 
Watson. 

R. A. Noble, Canadian Industries 
Ltd., Toronto was elected National 
Director. 
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Southeastern Ohio 


Plastic Tooling and 
Mold Making 


William J. Stranathan 


President S. M. Bazler, General 
Electric Company opened the No- 
vember meeting, held at the Pioneer 
Room of the Berwick Hotel, with a 
discussion on future meetings. The 
meeting was turned over to Edward 
Michl, General Electric Co., Pro- 
gram Chairman, who _ introduced 
Paul Smith, Cambridge Tool & Die 
Co. He commented briefly on the 
program for the evening which was 
in the form of a plant tour and 
demonstrations by employees of 
Cambridge Tool & Die Co. Different 
phases of mold making was dis- 
cussed and a question session fol- 
lowed. 

“What the Past Twelve Years 
Have Taught Us Not to Do In Plas- 
tics Today” was the topic of Mr. 
Smith’s talk. Use of cheap molds as 
a means of economizing was an in- 
teresting point, and he stressed the 
hiring of good toolmakers. 

Following, William Stranathan 
led a discussion on Mold Estimat- 
ing and Design, and included a brief 
talk about Shielded Gas Arc Weld- 
ing and its use in the tool industry. 
He stated that the basic cost of a 
mold is dependent on the number 
of cavities required and the intricacy 
of their shape. 


Central New York 


Molding Techniques 


Frederick E. Ruhe 


A varied program of the January 
meeting was attended by 33 mem- 
bers and guests. An excellent report 
on the Educational Committee meet- 
ing and future plans for SPE was 
presented by President and National 
Councilman Jim Lampman. 

Larry Ulmschneider of Eastman 
Kodak Company, Rochester, New 
York, was guest speaker. Mr. Ulm- 
schneider has been employed by 
Eastman Kodak for 30 years and 
was an early development engineer 
and designer of injection molding 
machinery. 

Other guests on hand were Paul 
Ulmschneider and two fellow en- 
gineers of General Electric in Utica, 
and Jack Bent of Eastman Chemical 
Products in Rochester. 
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> Any Polyethylen. 


For Faster Cycles... 
Holding Low Temperature 
and Stress Crack Protection... 


Maintaining Quality Product... 


blend with | AC Polyethylene 


See the difference for yourself! Blend A-C Polyethylene with 
your regular polyethylene resins, particularly the lower melt 
indices. Here’s what happens! 

You mold the same parts at lower injection pressures, using 
faster cycles. Stress crack resistance of low melt index poly- 
ethylene in blend is protected by A-C Polyethylene. Rejects 
caused by poor color dispersion are reduced. Melt index of 
blend is changed to a desirable, workable melt viscosity for 
easy mold filling. Mold sticking problems are eliminated—even 
with mirror-finish molds. 

And, you can cut inventory requirements! By modifying the 
amount of added A-C Polyethylene you tailor the resin melt 
index to meet each individual molding problem. High melt index 
resins are no longer required. With a few conventional poly- 
ethylenes plus A-C Polyethylene you can now do the job that 
formerly required many grades. Production costs are lower, 
quality of molded parts higher, and you stock fewer grades 
of polyethylene. 

No special equipment is required to take advantage of A-C 
Polyethylene. Just add to your resin during the color blending 
operation. Find out how A-C Polyethylene can produce better 
molded pieces at lower cost for you! Telephone or write your 
nearest Semet-Solvay Petrochemical office today for full 
information. 


SEMET-SOLVAY PETROCHEMICAL DIVISION 
Dept. 552-BB, 40 Rector Street, New York 6, N.Y. 


National Distribution * Warehousing in Principal Cities 
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St. Louis 


Film on Color 


Lyle R. Dean 


The January meeting was held at 
Results of the recent 
announced with the 
Board of 
E. Lada, 


officers 


Roncaro’s 
were 
following elected to the 
Directors: J. G. Lake, L. 
and B. M. Coons. The new 
are as follows: 
President—Thomas 
ney, Jr. 
Vice President & Program Chair- 
man—Jack G. Lake 
Secretary Recorde: 
Treasurer—R. S. 
Membership Chairman 
DeCamp 
National 
E. Eells 
The speaker of the evening was 
Mr. Richard L, Lynch, Sales Man- 
ager, RBH Division, Interchemical 
Corporation. Mr. Lynch showed a 
film produced by Interchemical 
Corporation, “This is Color.” The 
film was on the physics of color. 
After the film, Mr. Lynch em- 
phasized some of the points brought 
out in the film with slides and 


election 


O. McNear- 


Lyle R. Dean 
Baumgartner 
Wayne 
Donald 


Committeeman 


answered many questions brought 
up by the members. During his 
talk, Mr. Lynch explained that the 
study of color was one of the oldest 
of arts but one of the newest of 
sciences. He went on to say that 
color is broken-down into three 
main areas: (1) Physics of Color, 
(2) Cycle Physics of Color, and 
(3) Psychology of Color. 


Toledo 
Tour Ford Plant 


R. E. Dunham 

For the February meeting, the 
Toledo Section of SPE made a plant 
tour Feb. 18 of the Compression 
Molding Operation of the Hardware 
and Accessories Division, Ypsilanti 
Plant of the Ford Motor Company. 
An excellent turnout of over 60 
members and guests observed mold- 
ing of distributor caps, coil tops, 
pump impellers, insulators, and 
heater housings. Messrs. Jim Ten- 
nant, Robert Beaver, and Ken Mer- 
ritt of Ford Motor Company were 
hosts. 

Materialwise, Ford has consider- 
able diversification in this plant with 
phenolics, alkyds, and_ polyester 


4 
STANDARD TOOL COMPANY 
214 HAMILTON STREET, LEOMINSTER, MASSACHUSETTS 
Export Distributors, New York, N. Y. 


Omni Products Corporation- 


at ~ 


can fool the 


“BIRDS and the BEES” \ 


with the 


\ SHAW PROCESS , / 


\ CASTING METHOD 


dks 
\ 
Lifelike plastic reproductions — 
made direct from individual leaves 
and petals down to the finest de- 
tail, are possible with Standard's 
low cost, close tolerance, fast 


? Shaw Process Casting Method. 


Write for our Shaw Process folder. 


Other illustrated folders 

are available on: 

MOLDS 

BERYLLIUM COPPER 
INJECTION MOLDING 
FABRICATING MACHINES 


premix being molded. The volume 
of premix polyester made and con- 
verted into heater housings is enor- 
mous and the new equipment and 
molds engineered for this applica- 
tion represent culmination of a ma- 
jor engineering development. Alkyds 
are handled as powder and in rope 
form. 

The successful use of high fre- 
quency powder preheating on a 
large scale to produce short cycles 
on molding thick section pieces, in- 
dicates the modernization present 
in the Ford operation. Fast-acting 
large presses using a minimum of 
labor were also good evidence of 
the refinements in operation. 

Finishing equipment specially de- 
signed to handle the parts produced 
were observed completing the job 
of producing the desirable items. To 
see a molded item assembled into 
the final complete automobile heater 
was also very satisfying. 


Miami Valley 


Printed Circuits 


Stephen D. Marcey 


The Miami Valley Section started 
off the year by having a dinner 
meeting at the Wishing Well in 
Centerville, Ohio. Speakers for the 
evening included St. John Bain, 
technical service engineer for the 
Formica Co., and R. Kenneth Gos- 
sett, 1958 National President of 
SPE. 

St. John Bain presented the fol- 
lowing topic: “The Effect of Proc- 
essing and Environment on Printed 
Wiring Laminates”. Samples were 
used to illustrate some of the For- 
mica products related to the printed 
circuit industry. A discussion and 
answer period followed. 

R. K. Gossett stressed briefly 
the following points: 1) the SPE 
Journal had increased in size due 
to more advertising: 2) the 1959 
ANTEC in New York City promises 
to be bigger and better than ever; 
3) attendance at the RETECS has 
been increasing; 4) recent advance- 
ments in student member program 
with various educational institu- 
tions; 5) creation of four new SPE 
sections in the midwest area: 6) 
activities of the PAG groups. 

F. W. Reynolds, 1958 National 
Membership Committee Chairman, 
a guest at the dinner meeting was 
asked to comment on membership 
activities. He suggested several ways 
of increasing the local membership 
in the SPE. 
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PLASTICS AROUND THE WORLD 


ARGENTINA 


PLASTICOS 


August-September 1958 
Abstracter: John B. Ballard 


1958 Technical Course—Editorial 

The 1958 technical course of the 
Argentine Chamber of the Plastics 
Industry started in June with a 
capacity crowd of 183 persons en- 
rolled. The course will continue with 
weekly meetings, ending in October. 
The subject matter covers all types 
of plastics materials, manufacturing 
methods, and equipment. 


October-November 1958 
Abstracter: John B. Ballard 


New Raw Material Crisis—Editorial 

Government limitations on im- 
porting raw materials are again 
seriously threatening the develop- 
ment of the plastics industry. Im- 
portation of all material was sus- 
pended for several months, and at 
present only certain types of ma- 
terial can be imported and this with 
special permission. 


* 


GERMANY 


KUNSTSTOFFE 


July, 1958 
Abstracter: Charles S. Imig 


Plastics After the First Six Months 
of 1958—Dr. Ing—Karl Mienes 
This is an outline of recent techni- 
cal development applications in the 
plastics field. Among the resins 
covered are polyethylene, poly- 


propylene, polyvinyl chloride, poly- 
styrene, polyamides and _ polyure- 
thanes. 
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Polyethylene—Dr. Ing—A. Schwarz 
This article offers a rather concise 
resumé of the nature of ethylene 


polymers. Relationship of crystal- 
linity to properties such as density 
and stiffness are covered in addition 
to a discussion of what polymer 
properties affect such important 
properties as environmental stress 
cracking, tensile strength, compres- 
sive strength. Stabilization of the 
polymers against degradation is also 
reviewed. 


Characterization of Electrical Sur- 
face Leakage Using a Drop-Method 
and Limiting Stress—Dr. Ing—Wal- 
ter Claussnitzer and Viktor Siegel 

Surface leakage of insulating ma- 
terials is tested by dropping an 
electrolute between two electrodes 
at 380 volts AC. This paper discusses 
the relative merits of reporting the 
minimum limiting voltage below 
which no surface leakage occurs 
versus reporting the limiting drop 
number at a fixed voltage. 


Plastics and Plastics Machinery at 
the German Industries Fair—Dr. 
J. Hausen 

Further developments in plastics 
machinery’ including high-speed 
automatic molding machines and 
extruders with revolving mold sta- 
tions were of special interest at the 
Fair as was the presence of exhibits 
by “non-plastics” industries. 


Plastics at Brussels—Dip].-Ing. Am- 
tor Schwabe 

This is a brief review of the 
numerous examples of the use of 
plastics in construction seen at the 


Brussels World Fair. 


Twelfth Conference of the GDCh- 
Group “Plastics and Rubber” in Bad 
Nauheim— 

This article reports the many pa- 
pers presented at this conference. 
Papers ranged in subject matter 
from polyethylene to kinetic studies 
of vulcanization. 


Recent Developments in the Fab- 
rication and Processing of Rigid 
Polyethylene Semi-Finished Mate- 
rials—Dr. E. Rottner 

Latest developments in this field 
are covered by the author. Many 
practical examples are given in- 
cluding new equipment as well as 
new applications. Among the ex- 
amples are sinks and duct work. 


Use of Polyethylene Coated Filter 
Pipes in Well Construction—T. En- 
gel 

Corrosion protection of pipes used 
in well construction is particularly 
difficult because of the high pres- 
sures resulting from great 
depths. A method of coating steel 
pipes with polyethylene is described 
which provides excellent protection 
against chemical and_ electrolytic 
corrosion. 


August, 1958 
Abstracter: C. S. Imig 


Plastics Plans Behind the Iron 
Curtain— 

The plastics industry is admitted 
to be much behind but Mr. Khrush- 
chev outlined a 7-year expansion 
program to catch up. Plans are to 
purchase complete installations to 
speed the program. 


* 


ITALY 


POLIPLASTI 
September-October 1958 
Abstracter: Alfred L. Alk 


Rolling 
Zdenek 


in Railroad 
Hilken and 


Using Silon 
Stock—Ivar 
Tresnak 

In 1953 a research program was 
started with the idea of eliminating 
the need for scarce, weight-reduced 
materials. Plastics were found to 
be better than conventional ma- 
terials in many Silon, 
which is a polyamide produced in 
Czechoslovakia was used in an elec- 
tric locomotive axle bearing and 
friction support plates, where in 
such areas of combined heavy loads 
and small movements, difficult lubri- 
cation was often experienced, and 
replacements were costly. Ordi- 
narily 300-400 pounds of bronze was 
used in these parts. Since its initial 
installation 3 years ago, excellent 
service has been obtained and it is 
expected to outlast bronze by at 
least twice as many years of service. 


instances. 
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In the bearing replacements, the 
Silon used was either in the form 
of internal bushing or sleeves ap- 
plied on the ends of shafts and 
journals. In the case of the former 
use, the shaft was first treated with 
heat and turned to a mirror finish 
to prevent wear on the bearing in- 
sert. However, if the shaft was 
coated, it was unnecessary to turn 
down any elliptical wear since the 
difference was taken up by the plas- 
tic. Silon is also used in the main 
supporting assembly of the locomo- 
tive undercarriage in the form of 
sleeves slipped over the lateral 
shafts as well as in the form of an 
anti-friction gasket. Silon simplifies 
assembly, doubles the life of the 
joint, eliminates frictional heat and 
provides a smoother ride. 


* 
CANADA 


CANADIAN PLASTICS 


December 1958 
Abstracter: Samuel S. Oleesky 


This entire issue is devoted to a 


summary of the plastics business 


in Western Canada. The entire in- 
dustry is covered in a comprehen- 
sive, terse manner and _ includes 
films, adhesives, acrylics, plastics 
pipe, reinforced plastics and various 
segments of the molding field. 

Perhaps the two most interesting 
items cover the molding of nylon 
propellcrs for marine use and the 
rehabilitation program at Oakalla 
prison farm, near Vancouver. Amer- 
ican industry might well be in- 
clined to examine the latter pro- 
gram, since it involves the training 
of an average of twelve inmates in 
the highly specialized field of re- 
inforced plastics. These men are 
taught to build boats, skis, furni- 
ture, etc., and when released from 
custody are competent to augment 
the ranks of badly needed skilled 
labor. 

For men associated with the plas- 
tics industry in the U.S., a study 
of this issue will be a revelation. 
Most of us have forgotten the grow- 
ing pains that are only now rack- 
ing the bones of our Canadian 
brothers, and the ingenious way in 
which they have met their chal- 
lenges is an inspiration from which 
we all may take heart and, prob- 
ably learn something. 


with 


MODEL 
JP SERIES 


PROPORTIONING 
TEMPERATURE 
CONTROLLER 


Pays Plenty 
in Plastics ! 


This tube-free instrument brings many advantages over any 
on-off controller. Anticipates temperature change, tends to 
stabilize at closer tolerance. Cuts rejects, maintenance; ends 
adjustment, tube-replacement. Reliability Guaranteed. 


Write for Bulletin JP-1. 


4359B West Montrose Ave. 
Chicago 41, Illinois 


‘WES 


CORPORATION 


SALES OFFICES IN PRINCIPAL CITIES 


FRANCE 


L‘OFFICIEL DES 
MATIERES PLASTIQUES 


October 1958 


Abstracter: Alexander Baczewski 


Stabilization of Poly(Vinylchlor- 
ides)—Fernand Chevassus 

This article is an abstract written 
by one of the authors of a book 
bearing the same title and written 
with the collaboration of R. de 
Broutelles. 

Stability of vinyl resins against 
breakdown on heating is needed in 
order to prevent a deterioration of 
the dielectric properties. Acid ac- 
ceptors are needed and lead salts, 
e.g. the silicates or the carbonates, 
are recommended. The carbonate, 
though, leads frequently to gassing 
and causes surface irregularities. 
Differences in index of refraction 
caused by varying the plasticizer 
makes it sometimes advisable to 
use lead phthalate or lead salicilate. 
The synergism with tin, cadmium, 
barium and strontium stabilizers is 
described and the importance of 
actual life tests in comparison with 
weather-o-meter tests is stressed. 
Pigments should be free of break- 
down catalysts, e.g. iron or zinc. A 
table showing the influence of vari- 
ous classes of plasticizers upon the 
stability of a vinyl resin containing 
dibutyl tin dilaurate concludes the 
article. 


Poly(Vinylchlorides) Manufactured 
In France—Anon. 

A table gives the trade names, 
manufacturers, method of poly- 
merization and principal uses of 47 
resins. 


The Coloring of Thermoplastic Ma- 
terials—M. F. Coffiniéres 

The author, who is the president 
of the “coloring” section of the 
French counterpart of our SPI, de- 
scribes the extrusion blending of 
colors and plastics. 


Manufacture of Vinyl Compounds 
By The So-Called Dry Blending 
Process—Fernand Chevassus 

This article compares various 
American methods of dry blending 
vinyl resins. Advantages and limi- 
tations of this method are shown. 
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ABOUT MEMBERS 


Dr. Herman S. Kaufman has been appointed to the staff 
of Allied Chemical’s Central Research Laboratory, 

; Morristown, N.J., it was announced by C.P. Hackett, 
director of research and development. Dr. Kaufman 
will serve as technical assistant to Dr. George G. Joris, 
manager of research at CRL. A native of New York, 
Dr. Kaufman received a B.A. degree in chemistry from 
Brooklyn College in 1942 and a Ph.D. degree in physical 
chemistry from Polytechnic Institute of Brooklyn in 
1947. Dr. Kaufman is a member of the ACS and SPE, 
Newark Section. 


William F. Condon was appointed technical sales repre- 
sentative by U.S. Polymeric Chemicals, Inc., Stamford, 
Conn., prepreg producer, according to a recent an- 
nouncement by Howard T. Cusic, sales manager for the 
firm. Mr. Condon will cover the aircraft and missiles 
field as well as the electrical industry. Prior to joining 
U.S. Polymeric, he was sales vice president for Cordo 
Molding Products, Inc. He is affiliated with the New 
York Section of SPE. 


Robert B. Jacob, president of Cadillac Plastic and 
Chemical Co., has been nominated to the board of di- 
rectors of the Dayton Rubber Co., president Clowes M. 
Christie announced. Mr. Jacob founded Cadillac Plastic 
and Chemical Co. in 1946. He is affiliated with the 
Detroit Section of SPE. 


Robert B. Jacob Joseph Meyer 


Joseph Meyer has been appointed sales representative 
for Auburn Plastics, Inc. of Auburn, N.Y., according to 
an announcement by E. M. Woodruff, vice president. Mr. 
Meyer will be responsible for the New Jersey and 
metropolitan New York territory. Meyer has 25 years 
experience in the plastics field. He formerly represented 
the Prolon Plastics division of the Prophylactic Brush 
Co. in custom molding and was manager of the Newark, 
N.J. office of the Chemical Div. of the General Electric 
Co. prior to joining Prolon. He is a member of the SPE, 
Newark Section. 
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Kenneth Fietz was named manager of the San Fran- 
cisco sales office for U.S. Industrial Chemicals Co., it 
was announced by Alden R. Ludlow, sales vice presi- 
dent of this company. Mr. Fietz has been a representa- 
tive of the firm’s New York sales division for the past 
16 years. He is affiliated with the Newark Section. 


Justin Zenner, who was an affiliate of the Chicago Sec- 
tion of SPE, died recently. Mr. Zenner was a represen- 
tative of Injection Molders Supply Co., in the Chicago 
area. 


Lewis Connelly is the new sales representative in the 
Dallas-Fort Worth area now for Eastman Chemical. 
His office was moved from Houston recently. Eastman 
has just put into operation its new polyethylene plant 
at Longview. Mr. Connelly is affiliated with the South 
Texas Section of SPE. 


Charles L. Andrews, II, SPE Chicago Section, has 
joined the Chicago Molded Products Co., as manager 
of their material and process laboratory. Prior to this 
he was technical representative with Dixon Corp. in 
Bristol, R. I. 


Glenn F. Blinzler has been promoted to western district 
manager in charge of Marlex sales at Pasadena, Calif., 
for Phillips Chemical Co., Plastics Sales Div. Mr. Blinz- 
ler, an affiliate of the Chicago Section, succeeds Richard 
G. Askew, Southern California Section, who has been 
promoted to export manager of Phillips with head- 
quarters in New York City. 


Now...less cost, less delay 
in making plastic-forming 
molds, zinc and aluminum 
die-casting dies... with 


Steel Cavities and Cores 


without master hobs 


Manco’s new process precision-casts di- 
rectly from original patterns . . . in almost 
any castable material... eliminating costly 
die-sinking shopwork. 


= 
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Manco gives you economical choice of 
the right material for every job... ACCU- 
CAST in steel or TRU-CAST in beryllium 
copper . . . with faithful detail, dimen- 
sional accuracy, impact strength, and long 
trouble-free service life. 


YOURS FOR THE ASKING — expert 
technical aid and advice. For your 
free copy of the new ‘Accu-Cast’ 
folder—write, wire, or phone today: 


MANCO PRODUCTS, Inc. 
2401 Schaefer Road, Melvindale, Mich. 
Telephone: Detroit— WArwick 8-7411 


ACCU-CAST 
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with ... 
6002 MOLD TEMPERATURE CONTROL UNIT 


The Apparatus and 
Optical Division of 
the Eastman Kodak 
Company uses one of 
its Sterleo Model 6002 
units on the injection 
press in which the 
back of the popular 
new Kodak Rotary 
Flasholder is mold- 
ed. Use of the Sterlco 
Control enables the 
operator to make very 
accurate temperature 
adjustments, and to 
control independent- 
ly the temperature of 
each section of the 
mold, 


For YOUR mold temperature control needs, 
choose from the following Sterleo units: 
| 


% 
MODEL 6012 MODEL 6031 


MODEL 6003 


MODEL 6002 


Small total water ca- Super-sensitive, accu- 
pacity — no excess YW rate HEATING CON. 
thermal carryover TROL with extremely 
either way. 


Super-fast 9000 watt Flexible, modulating 
unit on each side for COOLING CONTROL 


quick starts. — not on or off. 


fast reaction time. 


Send for descriptive bulletins on the complete Sterico line. bo IT 
TODAY. Export: Omni Products Corporation, 460 Fourth Avenue, 
New York 16, New York. 


i INDUSTRIAL CONTROL DIVISION 

STERLING, INC. 
5202 W. Clinton Ave. « Milwaukee 18, Wisconsin 


Complete Your Technical Library 
with 


SPE PUBLICATIONS 


Get the latest developments from top technical authorities. 


SPE PLASTICS ENGINEERING SERIES 


Vol. 1—Processing of Thermoplastic Materials, 705 pages. 
$14.40, members; $18.00, non-members. 

Vol. I—Quality Control for Plastics Engineers. $3.98, mem- 
bers; $4.95, non-members. 


ANTEC PREPRINT BOOKS 


Vol. V, 1959, New York City, 96 papers. $7.50, members; 
$12.50, non-members. Single preprints of individual papers, 
Vol. V, while they last, $0.25 each, members; $0.40 each, 
non-members. 

Vol. IV, 1958, Detroit, 94 papers. $5.00, members; $7.50, non- 
members. 

Vol. III, 1957, St. Louis, 60 papers. $5.00, members; $7.50, non- 
members, 


RETEC PREPRINT BOOKS 
AUTOMOTIVE 


Plastics for the Automotive Industry—Detroit Section, 6 
papers. $2.00, members; $3.50 non-members. 


* BUILDING 
Plastic Trends in Building Construction—Southern Cali- 
fornia Section, 12 papers. $3.00, members $4.50, non-members. 


ELECTRONICS 

Plastics in Electronics—Golden Gate Section, 8 papers. $2.50, 
members; $3.75, non-members. 

Plastics for Airborne Electronics—Southern California Sec- 
tion, 10 papers. $3.00, members; $4.50, non-members. 


* EPOXIES 
Epoxy Resin Symposium—-Upper Midwest Section, 10 papers. 
$3.00, members; $4.50, non-members. 


* INJECTION MOLDING 

Advances in Injection Molding—two books: Chicago Section, 
April 1958, 4 papers, and Philadelphia Section, November 
1958, 6 papers. Either book: $2.00, members; $3.00, non-mem- 
bers. 


* PACKAGING 


Plastics in Packaging—Western New England Section, 9 
papers. $3.00, members; $4.50, non-members. 


POLYETHYLENE 


Polyethylene Properties and Uses—Cleveland-Akron Sec- 
tion, 8 papers. $3.00, members; $4.50, non-members. 


SPI individual members are entitled to SPE members 
prices under a reciprocal agreement. 
Books will be mailed postpaid if money is enclosed. Please 
address orders to: 
Society of Plastics Engineers, Inc. 
65 Prospect Street 
Stamford, Conn. 
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Classified Ads 


POSITIONS WANTED 


Plastics for Electronics 
Product Development Manager 

Diversified experience in electrical insulation field. 
Molding compounds, laminates, cast resins, wire insula- 
tion, specialized dielectric materials, printed circuits 
base. Extensive customer contacts on engineering level. 
Reply Box 859, SPE Journal, 65 Prospect St., Stamford, 
Conn. 

* 
Product Development or Technical Service 


M. S., in chemistry, plus production management and 
technical courses. 7% years diversified plastics experi- 
ence including formulation and production of specialty 
paints and coatings, reinforcement of plastics, physical 
testing, resin characterization, and film extrusion. Ca- 
pable of organizing, directing and participating in pro- 
grams in resin and product evaluation and process de- 
velopment. Could thoroughly investigate links between 
resin properties and process and product characteristics. 
Reply Box 1459, SPE Journal, 65 Prospect St., Stam- 
ford, Conn. 


* 
Technical Sales, West Coast 


Market development, sales promotion, sales-service 
engineering. Sales manager medium sized company. 
Established, trained, directed national representatives. 
Varied experience Epoxy, Thiokol, Plastics. Masters 
Degree. Age 37. Box 1759, SPE Journal, 65 Prospect 
St., Stamford, Conn. 

* 


Plastics Management Executive 


14 years in manufacture and sale of thermoplastic 
and plastisol products. Seeks position with proprietary 
molder, proprietary user, or custom molder in Blow 
Molding, Injection Molding, or Plastisol Rotational Mold- 
ing industries. Position should afford opportunity to 
utilize extensive experience in product development, 
customer relations, sales, purchasing, estimating, mold- 
ing, and manufacturing. Directed formation of molding 
division and responsible for molds, machines, and ma- 
terials. Unusual ability, energy, and drive. Prefer to 
locate in New York Metropolitan area. Will consider, 
other locations. B. S. degree in Business Management 
and Industrial Relations. Reply Box 1959, SPE Jour- 
nal, 65 Prospect St., Stamford, Conn. 

* 


Technical Sales Representative—Rigid Plastics 


Twelve years experience in all phases of plastic proc- 
essing, including raw material production. Served as 
sales service representative of a major plastic raw ma- 
terials manufacturer for the past five years, making 
technical calls all over the United States and Canada. 
Heavy experience in rigid plastic pipe, pipe fittings and 
related parts. Have composed several sales services 
bulletins and technical articles which have appeared 
in national publications. Box 1559, SPE Journal, 65 
Prospect St., Stamford, Conn. 
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Consultation 


Reginald B. Stoops, Consultant in Reinforced Plastics, 
offers services in product and process development, 
engineering, production and marketing. 445 Park Ave., 
New York 22, N.Y. 

* 


Foreign Sales & Operations 


Five years’ experience in export sales of extrusion, 
molding and chemical processing equipment, managing 
all phases including promotion and financing; also for- 
eign manufacturing licensing arrangements. Resident 
knowledge foreign markets. Languages. MS Chemical 
Engineering. Prior ten years in molding and resin manu- 
facturing. Desire position with plastic materials or 
equipment manufacturer. Reply Box 659, SPE Journal, 
65 Prospect St., Stamford, Conn. 


* 
Vinyl Foam Development Engineer 


B. S. (Ch. Eng.) with 14 years experience in product 
development and improvement. Last 7 years in charge 
of research, development, technical service and produc- 
tion of closed cell vinyl foam products. Responsibilities 
include the design and operation of production equip- 
ment. Additional experience in drying oils, resins, and 
synethetic high frequency cable insulations. Detailed 
resume available. Desire association with progressive 
expanding firm. Member of S.P.E., S.P.I., and A.I.Ch.E., 
Reply Box 1859, SPE Journal, 65 Prospect St., Stamford, 
Conn. 

* 


Materials and Process Engineer 


Plastics engineer with broad experience in electrical 
insulation and resins, including polyesters and epoxies. 
Background includes several degrees, and development 
and production in thermoplastics as well as reinforced 
thermosets. Active in SPE. Detailed resume available. 
Reply Box 1159, SPE Journal, 65 Prospect St., Stamford, 
Conn. 

* 


Chief Plastics Chemist 


Supervised development and control of electrome- 
chanical products based on epoxy and polyester cast 
resins; epoxy, melamine and phenolic laminates, nylon, 
Penton, Teflon and Kel-F. Also experienced in potting 
and tooling compounds, resin adhesives, cast films. 
Seeking position with direct responsibility to manage- 
ment. Detailed resume available. Reply Box 1059, SPE 
Journal, 65 Prospect St., Stamford, Conn. 


* 
Plastics Engineer 


Graduate M. E., 34, with heavy experience in com- 
pression, transfer and injection custom-molding. Pres- 
ent duties include engineering of product, complete 
charge of design and construction of molds, and direc- 
tion of sampling until efficient production attained. Prov- 
en ability to establish excellent customer relationships. 
Unique background in plastics plant engineering, con- 
version of presses for special operations, design and su- 
pervision of installation of specialized hydraulic and 
electrical circuitry. Many other plus factors. Seeking 
Chief Engineer or equivalent staff position with future. 
Now New Jersey resident, but would relocate for right 
opportunity. Reply Box 1359, SPE Journal, 65 Prospect 
St., Stamford, Conn. 
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POSITIONS OPEN 


Manufacturer's Representative 


Top manufacturer of auxiliary equipment for plastic 
industry seeks representative for Ohio and Indiana. 
Concentrated coverage of plastic industry desired. 
Equipment well established in territory. Manufacturer 
provides effective support in promotion and service of 
equipment. Territory offers excellent potential. With 
reply please submit complete data. Box 1659, SPE 
Journal, 65 Prospect St., Stamford, Conn. 


* 


Plastics Engineers 


Technical graduate, preferably ME, experienced in 
plastic applications related to resin testing and evalua- 
tion, extrusion, injection molding and machine design 
for R & D assignments in expanding plastics group 
with nylon-6 project. 

Challenging opportunity, complete benefit plans. Ex- 
cellent working conditions. 

NATIONAL ANILINE DIVISION 
Allied Chemical Corporation 
Hopewell, Virginia 


* 


Injection Molding Superintendent 


Leading Southern California plastics Company offers 
excellent opportunity for young man with at least five 
years supervisory experience in injection molding to 
take charge of our injection molding production. Must 
have thorough technical knowledge of plastic materials 
and tooling. Should have personality and ability to 
grow with the Company. Send recent snapshot and re- 
sume to Box 1259, SPE Journal, 65 Prospect St., Stam- 


ford, Conn 


* 


PLASTICS 
ENGINEER 


MECHANICAL OR CHEMICAL ENGINEER to grow 
in challenging career in Plastics Department of leading 
buildings and capital equipment manufacturer, Process 
engineering duties involving development and modifica- 
tion of equipment and manufacturing methods used in 
formation of fiber-reinforced plastic products. 

Requires degree in mechanical or chemical engineer- 
ing, plus versatility, creativity and high degree of me- 
chanical ability to do responsible production engineer- 
ing work. Experience since graduation with dies and 
equipment used in manufacture of plastics desirable. 

Position offers individual professional recognition, 
merit advancement, capable training in current product 
and manufacturing knowledge, excellent group compre- 
hensive and other insurance benefits, company-paid 
retirement program, and an association in a forward- 
looking company with growing business for over 55 
years. 

Send full particulars in confidential letter to Orval 
W. Groves, Employment Supervisor, at address shown 
below 

BUTLER MANUFACTURING COMPANY 

7400 East 13th Street 

Kansas City 26, Missouri 


Advertisers’ Index 
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CLASSIFIED RATES 


vertisements during any twelve month period. 


charge: $15.00; per word: $0.50. 


additional charge. 


date of publication. 


“Position Open” and “Position Wanted’—Minimum charge: 
$7.00; per word: $0.25. SPE members in good standing are 
entitled to a total of three no-charge “Position Wanted” ad- 

“Machinery, Equipment, Materials and Services’—Minimum 


All ads include one bold face caption line. Additional caption 
lines at $2.00 extra per line. Boxed ads (four side rules) $2.60 


Last day for inserting ads is the first of the month preceding 
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HOW 
ABOUT 
WOOD FLOUR- 
FILLED UREA 
CLOSURES? 


For brown and black closures, PLASKON® 


Closure Brown Standard Black 


Wood Flour-Filled Urea is now produced in 
an all-new, automated plant by Allied 
Chemical. It’s a high-quality thermoset- 
ting PLASKON Molding Compound. And 
no molder or user of closures will want to 
ignore its advantages. 


PLASKON Wood Flour-Filled Urea 
matches the more expensive alpha-cellu- 
lose type in all properties, except trans- 
lucency and range of color. This means 
you can now have the advantages of urea 
for all closures—alpha-cellulose for whites 
and pastels, wood flour-filled for browns 
and blacks. 


Wood Flour-Filled Urea offers high-torque 
strength, odor-free color-fastness and less 
dust collection on the shelf—at a price com- 
petitive with older general-purpose plastics. 


Plaskon 


Properties of PLASKON Wood Flour-Filled Urea 

include: 

Superior color-fastness 

e Hard, non-electrostatic surfaces (will 
not attract dust on shelf) 

@ Greater scratch resistance 

@ Unaffected by ordinary solvents and 
highly impermeable to volatile agents 

Molders find PLASKON Wood Flour- 

Filled Urea excellent for high-speed auto- 

matic operations. In addition to three 

years of preproduction research, this 

low-cost molding compound has_ been 

thoroughly tested and proved in com- 

mercial manufacturing equipment. 


TODAY — take your first step toward investigating this new closure material. Write for 
technical data and molded samples of PLASKON Wood Flour-Filled Urea. 


PLASTICS AND COAL CHEMICALS DIVISION 


Allied | 
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40 Rector Street, New York 6, N.Y. 
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MAWENG 
ANNIE, DRUID) 


Users of National Molten Maleic Anhydride save 
1¢ per pound, have lower in-plant handling costs and 
can get greater through-put from present equipment. 


You, too, may be able to benefit substantially. 


Since we make every form of Maleic Anhydride, we 
can give you unbiased figures on the net cost of solid 
vs liquid at your volume of use and plant location. 


Whichever form of National Maleic Anhydride you 
choose, you'll be getting a uniform, high-purity prod- 


Atlenta Boston 
Philadelphia 


NATIONAL ANILINE DIVISION 


40 RECTOR STREET, NEW YORK 6,N.Y 


Charlotte 
Portland, Ore 


In Canada: ALLIED CHEMICAL CANADA, LTD., 100 North Queen St., Toronto 14 


from storage 
to kettle 

with a twist 

of the wrist! 


uct made by our exclusive, direct, continuous cata- 
lytic-oxidation process. And you'll get excellent 
service by rail or truck from our well-located plants at 
Moundsville, West Virginia and Buffalo, New York. 


WRITE FOR TECHNICAL BULLETIN C-2 
Why not discuss possible use of National Molten 
Maleic Anhydride with us? Meanwhile, ask for our 
12-page Technical Booklet C-2 which will help 
you estimate the approximate savings you can make. 


Chicago Greensboro 
Providence 


Los Angeles 
San Francisco 
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